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ECEMBER, 1896, was the first issue of 
the nature-study leaflets. Thirteen 
leaflets have now appeared. Voluntary 
requests for these publications have now 
increased our mailing-list to 25,000 live 
names. Most of these names are of teach- 
ers in New York. Iu the State of New 
York there are 29,000 teachers. 

Our entire movement in nature-study is for the benefit of the 
children. We are now making an effort to reach them directly, 
as well as through the teacher, the parent, the garden and the 
flower-show. We have long had correspondence with many 
children. Many thousands have applied to us for information on 
the making of gardens and on various matters connected with 
the common phenomena of nature ; but we are now inaugurating 
a definite effort at the organization of nature-clubs amongst the 
children of the State. 

The correspondence arising from this educational work has come 
to be large . At present it averages over 1 , 200 letters a week . I n 
a twelve-month as many as 80,000 circular letters of instruction 
have been sent to our correspondents. This personal correspon- 
dence will increase. 

For these reasons we have adopted a new form of publication. 
This Bulletin will be issued four times a year, and perhaps 
more frequently. Each issue will contain a nature-study lesson 
for the teacher, and one for the children. Notes of instruction, 
explanation and advice, and letters from friends of the move- 
ment, will fill the remainder of the Bulletin. We desire to keep 
in touch with every person who has been connected with us. 
This nature-study movement has grown to large proportions. 
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It has awakened the deepest interest. This is proof that it is 
needed and is founded upon correct principles. In fact, the 
movement is the result of current forces. It has tried to interpret 
them. The animus of the endeavor is to cause the child to love 
nature and thereby to be content with country life. There is 
no other corrective of agricultural ills than this. Content- 
ment and happiness are results of thinking; and one thinks 
much when he sees much. 

We appeal to every person who loves his kind and his country 
to help us. We need the cooperation. We can do nothing alone. 
We want to know the shortcomings and the mistakes. We want 
to reach every child in New York State ; and we hope that others 
will carry the movement beyond our boundaries and make it 
better. When all is said and. done, it will be found that the 
significant mark of this century is not its invention nor its 
learning : it is the spirit of altruism which sacrifices everything 

that the child may live a fuller life. 

L* H. BAILEY. 




TEACHER'S LEAFLET NO 14- 

A SUMMER SHOWER. 

RALPH S. TARR. 

INSTORM comes, tbe walks are wet and 
the roads are muddy. Then the sun 
breaks through the clouds and soon the 
walks are no longer damp and the mud of 
the road is dried. Where did the water 
come from and where has it gone ? Let us 
answer these questions. 

A kettle on the stove is forgotten and 
' soon a cracking is heard ; the housewife jumps to her feet for 
the kettle is dry. The kettle was filled with water, but it has 
all boiled away ; and where has it gone ? Surely into the air of 
theroom.foritcanbeseenissuingas" steam" and then disappear- 
ing from view as if by magic. The heat of the fire has changed 
the liquid water to a gas as invisible as the air itself. This gas 
is water vapor. 

Do yon wish to prove that the water vapor is there, although 
unseen ? Then if the day is cool, watch the 
window and notice the drops of water collect up- 
on it. Or if the day is warm, bring an ice cold 
glass or pitcher into the room and see the drops 
collect upon it (Fig. i). People sometimes 
say, when drops of water collect on a glass of 
cold water, that the glass is "sweating ; " but 
see if the same thing will not happen with a 
cold glass that does not contain water. *<—* giav of arid 

These two simple observations teach us two vapor Aa, ""' 
very important facts : (i) That heat will change 
liquid water to an invisible vapor, or gas, which will float about 
in the air of a room ; and (2) that cold will cause some of 
the vapor to change back to liquid water. 



Let us extend our observations a little further. The clothes 
upon the line on wash day are hung out wet and brought in dry. 
If the sun is shining they probably dry quickly ; but will they 
not dry even if the sun is not shining ? They will indeed ; so here 
is another fact to add to our other two, namely (3) that the 
production of vapor from water will proceed even when the 
water is not heated. 

This change of water to vapor is called evaporation. The 
water evaporates from the clothes ; it also evaporates from the 
walks after a rain, from the mud of the road, from the brooks, 
creeks and rivers, and from ponds, lakes, and the great ocean 
itself. Indeed, wherever water is exposed to the air some 
evaporation is taking place. But heat aids evaporation, as you 
can prove by taking three dishes of the same kind and pouring 
the same amount of water into each, then placing one on the 
stove, a second in the sun, and a third in a cool, shady place, as 
a cellar, and watching to see which is the last to become dry. 

About three- fourths of the earth's surface is covered by 
water so that the air is receiving vapor all the time. In fact, 
every minute thousands of barrels of water vapor are rising into 
the atmosphere from the surface of the ocean. The air is con- 
stantly moving about, forming winds, and this load of vapor is 
therefore drifted about by the winds, so that the air you are breath- 
ing may have in it vapor that came from the ocean hundreds or 
even thousands of miles away. You do not see the vapor, you 
are perhaps not even aware that it is there ; but in a room 10 
feet high and 20 feet square there is often enough vapor to fill a 
two-quart measure if it could all be changed back to water. 

There is a difference in the amount of vapor from time to time. 
Some days the air is quite free from it, and then clothes will dry 
rapidly ; but on other days the air is damp and humid. Then 
people say it is "muggy M or that the "humidity is high." On 
these muggy days in summer the air is oppressive because there 
is so much vapor in it. Near the sea, where there is so much 
water to evaporate, the air is commonly more humid or moist 
than in the interior, away from the sea, where there is less water 
to evaporate. 

We have seen that there is some vapor in all air, but that 



there is more at some times than at other times. We have also 
seen how it has come into the air and that cold will cause it to 
condense to liquid water on cold window panes and water-glasses 
There are other ways in which the vapor may be changed to 
liquid. 

After a summer day, even when there has been no rain, soon 
after the sun sinks behind the western horizon the grass becomes 
so damp that one's feet are wet in walking through it. The dew 
is " falling." During the daytime the grass is warmed by the 
sun ; but when the sun is gone it grows colder, much as a stove 
becomes cool when the fire is out. This cool grass chills the air 



2.—-A wreath, of fog settled in a valley with the hilltops rising above it. 

near it and changes some of the vapor to liquid, which collects 
in drops on the grass, just as the vapor collects ou the outside of 
a glass of ice-water. 

In the opposite season of the year, on a cold winter's day, 
when you step out of a warm house into the chilly air, a thin 
cloud, or fog, forms as you expel the air from your lungs, and you 
say that you can ' 'see your breath. ' ' What you really see is the 
little drops of water formed as the vapor-laden breath is chilled 
on passing from the warm body to the cold air. The vapor is 
condensed to form a tiny mist. 

Doubtless you have seen a wreath of fog settling in a valley at 
night time ; or in the morning you may have looked out upon a 
fog that has settled there during the night (Fig. 3). If your 
home happens to be upon a hillside you have perhaps been able 
to look down upon the fog nestled there like a cloud on the land, 



which it really is. Such a fog is caused in very nearly the same 
way as the tiny fog made by breathing. The damp air in the 
valley has been chilled until the vapor has condensed to form tiny 
mist or fog particles. Without doubt you can tell why this fog 
disappears when the sun rises and the warm rays fall upon it. 

On the ocean there are great fogs covering the sea for hun- 
dreds of miles, and making sailing dangerous, because the sailors 
cannot see through the mist, so that two vessels may run 
together, or a ship may be driven upon the coast before the 



captain knows it. Once more, this is merely condensed vapor 
caused by chilling air that has become laden with vapor. This 
chilling is often caused when warm, damp winds blow over the . 
cold parts of the ocean. 

This leads the way to an understanding of a rain storm ; but 
first we must learn something about the temperature of the air. 
The air near the ground where we live is commonly warmer 
than that above the ground where the clouds are. People who 
Uive gone up in balloons tell us so ; and now scientific men who 
are studying this question are in the habit of sending up great 
kites, carrying thermometers and other instruments, in order to 
find out about the air far above the ground. 



It is not necessary, however, to send up a kite or a balloon to 
prove this. If your home is among mountains, or even among 
high hills, you can prove it for yourself ; for often, in the late 
autumn, when it rains where you live on the lower ground, it 
snows upon the hill tops, so that when the clouds have cleared 
away the surface of the uplands is robed in 'white (Fig. 4). In 
the springtime, or in the winter during a thaw, people living among 
these highlands often start out in sleighs ou a journey to town, 
which is in the valley, and before they reach the valley their horses 
are obliged to drag the sleigh over bare ground. It is so much 



4.—- 4 mountain whitened by si 

warmer on the lower ground that the snow melts away much 
mo'e quickly than it does among the hills. 

The difference in temperature is on the average about one 
degree for every three hundred feet, so that a hill-top rising 
twelve hundred feet above a valley would have an average tem- 
perature about four degrees lower than the valley. Now some 
mountains, even in New York, rise thousands of feet above the 
surrounding country. They rise high into the regions of cold 
air, so that they are often covered with snow long before any 
snow has fallen on the lowlands ; and the snow remains upon 
them long after it has disappeared from the lower country. 
Have you ever seen such a snow-capped hill or mountain ? Here 
is a picture of one (Fig. 4). 

Some mountains are so lofty that it never rains upon them, but 
snows instead ; and they are never free from snow, even in mid- 



summer ; so that if one climbs to the top of such peaks he finds 
it always very cold there. 
While he is shivering from 
the cold he can look down 
upon the green fields where 
the birds are singing, the 
flowers blossoming and the 
men, working in the fields, 
are complaining of the heat. 
One who watches such a 
mountain as this, or in fact 
any mountain peak, will no- 
tice that it is frequently 
wrapped in clouds (Fig. 5), 
Damp winds blowing against 
the cold mountains are 
chilled and the vapor con- 
densed. If one climbs 
through such a cloud, as 

S.—A mountain peak snow capped, thousands of people have 
andcoveredon Ike very crest bya , ,. , . 

cloud. done when climbing moun- 

tains, he often seems to pass 

through nothing but a fog, for really many clouds are only fogs 

in the air above the surface (Fig. 6). 



6.— -Clouds clinging- to the mountain sides. If one were climbing these 
mountains he would find himself, in passing through the clouds, either 
in a fog or a mist. 



Bat very often rain falls from these clouds that cling to the 
mountain sides. The reason for this is easy to understand. As 
the air comes against the cold mountains so much vapor is con- 
densed that some of the tiny fog particles grow larger and larger 
until they become mist particles, which are too heavy to float in 
the air. They then begin to settle ; and as one strikes against 
another the two unite, and this continues until perhaps a dozen 
have joined together so as to form a good sized drop, which is 
so heavy that it is obliged to fall to the ground as rain. 

Let us now look at our summer storms. These do not form 



7. — A " thunder head" or cumulus cwud. 

about mountain peaks ; yet what has been said about the moun- 
tains will help us to understand such showers. 

It is a hot summer day. The air is muggy and oppressive, so 
that the least exertion causes a perspiration, and even in the 
shade one is uncomfortably hot. Soon great banks of clouds 
appear (Fig. 7), — the "thunder heads," — and people say "a 
thunder shower is coming, so that we will soon have relief from 
this oppressive heat." The clouds draw near, lightning is sceji 
a::d thunder heard, and from the black base of the cloud, tor- 
rents of water fall upon the earth. If we could have watched 
this cloud from the beginning, and followed it on its course, we 
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would have seen some facts that would help explain it. Similar 
clouds perhaps began to form over your head in the early after- 
noon and drifted away toward the east, developing into thunder 
storms many miles to the east of you. 

On such a day as this, the air near the ground is so damp that 
it gives up vapor easily, as you can prove by allowing a glass of 
ice water to stand on a table and watching the drops of water 
gather there, causing the glass to " sweat " (Fig. i). The sun 
beats down upon the heated ground and the surface becomes like 
a furnace, so that the air near the ground is warmed. 

Air that is warm is lighter than cool air, and, being lighter, 
will rise, for the heavy cool air will settle and push it up, as a 
chip of wood will rise in a pail of water, because it is lighter 
than the water which pushes it to the top. This is why the 
warm air rises from a furnace, or a stove, or a lamp. It is the 
reason why the hot air rises through a house chimney ; undoubt- 
edly you can find other illustrations, as ventilation, and can find 
abundant opportunity to prove that warm air will rise. 

The warm, moist air near the ground becomes so light that the 
heavy air above settles down and pushes it up, so that an upris- 
ing current of air is formed above the heated ground, much as 
an uprising current of hot air rises through the chimney when the 
stove is lighted. Rising thousands of feet into the sky it reaches 
such a height, and finally comes to a place so cool, that some of 
the vapor must be condensed, forming fog particles, and then 
makes a cloud. 

On such a day, if you will watch a cloud, you will notice 
that its base is flat (Fig. 7) ; and this marks the height above 
ground where the temperature of the atmosphere is low enough 
to change the vapor to fog particles. Of course the air still rises 
somewhat above this base and continues to get cooler and to 
have more and more vapor condensed. This makes a pile of 
clouds resting on a level base, but with rounded tops (Fig. 7). 
Sometimes the base of these summer clouds, called cumulus 
clouds, is a mile above the ground and their tops fully a mile 
higher than this. 

Just as on the mountain side the drops grow larger until they 
must fall, so here, fog particles grow to drops of such a size 



that they are too heavy to float. This growth is often aided by 
the violent currents of air, which sometimes tumble and toss the 
clouds about so that you can see the commotion from the ground. 
These currents blow one part- 
icle against another, forming a 
single drop from the collision 
of two; then still others are 
added until the rain drop is so 
heavy that it must fall. 

But sometimes the air cur- 
rents are so rapid that the 
dropsare carried on up, higher 
and higher, notwithstanding 
the fact that they are heavy. 
Then they may be carried so 
high, and into air so cold, that 
they are frozen, forming hail. 
These "hailstones" cannot 
sink to the ground until they 
are thrown out of the violent 

currents, when they fall to I-"**"** 1 "*«>WfA* 
the ground, often near the edge of the storm. 

Some hailstones are of great size ; you will find it interesting 
to examine them. If you do this, notice the rings of clear and 
clouded ice that are often to be seen. These are caused when 
the hail, after forming, settles to a place where it melts a little, 
then is lifted again by another current, growing larger by the 
addition of more vapor. This continues until finally the ice ball 
links to the ground. 

There is thunder and lightning in such storms. Few things 
in nature are grander than these, and those who will watch the 
lightning flash will see many beautiful and interesting sights 
(Fig. 8). Sometimes the flash goes from cloud to cloud, again 
from the cloud to the ground. No one knows exactly why the 
lightning comes ; but we do know that it is an electric spark, 
something like that which one can often see pass from the trolley 
to the wire of an electric car line. The main difference is that 
the spark in a thunder storm is a powerful lightning bolt that 



passes over a space of thousands of feet and often does great 
damage where it strikes. 

. The thunder is a sound which may be compared to the crack 
heard when a spark passes from the trolley, though of course the 
noise is very much louder. The crack of the lightning echoes 
and reverberates among the clouds, often changing to a great 
rumble ; but this rumbling is mainly caused by the echo, the 
sound from the lightning being a loud crack or crash like that 
which we sometimes hear when the lightning strikes near by. 

Some of the vapor of the air on condensing gathers on solid 
objects like grass, or glass ; but some, as fog, floats about in the air. 
Really this too is often gathered around solid objects. Floating 
about in the air are innumerable bits of " dust " which you can 
see dancing about in the sunlight when a sunbeam enters a dark 
room. Some of these "dust" particles are actual dust from 
the road, but much of it is something else, as the pollen of 
plants, microbes, and the solid bits produced by the burning of 
wood or coal. 

Each bit serves as a tiny nucleus on which the vapor con- 
denses ; and so the very " dust " in the air aids in the formation 
' of rain by giving something solid around which the liquid can 
gather. The great amount of dust in the air near the great city 
of London is believed to be one of the causes for the frequent 
fogs of that city. 

That there is dust in the air, and that the rain removes it, is 
often proved when a dull hazy air is changed to a clear, bright air 
by a summer shower. Watch to find instances of this. Indeed, 
after such a hazy day, when the rain drops first begin to fall, if 
you will let a few drops fall upon a sheet of clean white paper, 
and then dry it, you will find the paper discolored by the dust 
that the rain brought with it. So the rain is important because 
it purifies the air by removing from it the solids thai: are float- 
ing in it. 

These are only a few of the things of interest that you can 
see for yourself by studying the'air. Watch the sky ; it is full 
of interest. See what you can observe for yourself. Watch 
especially the clouds, for they are not only interesting but beau- 
tiful (Fig. 9). Their forms are often graceful, and they change 
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with such rapidity that you can notice it as you watch them. 
Even in the daytime the colors and shadows are beautiful ; but 
at sunrise and sunset the clouds 
are often changed to gorgeous 
banks of color. 

Watch the clouds and you will 
be repaid ; look especially for 
the great piles of clouds in the 
east during the summer when 
the sun is setting (Fig. 10). 
These loftly banks, tinged with 
silver and gold, and rising, like 
mountains, thousands of feet <}•— A sky flecked ivitk clouds high 
into the air, are really made of 

bits of fog and mist. Among them vapor is still changing to 
water and rain drops are forming, while violent currents are 
whirling the drops about, and perhaps lifting them to such a 
height that they are being frozen into hailstones. Far off 
to the east, beneath that cloud, rain is falling in torrents, light- 
ning is flashing and thunder crashing, though you cannot 
hear it because it is so far away. 

You see the storm merely as a brightly lighted and beautifully 
colored cloud mass in the sky ; but the people over whom it is 
hauging find it a threatening black cloud, the source of a 
furious wind, a heavy rain, and the awe-inspiring lightning. To 
them it may not be beautiful, though grand in the extreme ; and so 
too, when the summer thunder 
shower visits you in the early 
evening, you may know that 
people to the west of you are 
probably looking at its side and 
; top and admiring its beauty of 
form and color. 

ia— The cloud banks of a thunder The Storm passes on, still to 
storm on the horizon. the eas t W ard, and finally the 

cloud mass entirely disappears beneath the eastern horizon ; but 
if you watch, you will see signs that it is still there, though out 
of sight ; for in the darkness of the night you can see the 
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eastern horizon lighted by little flashes, the source of which 
cannot be seen. You call it " heat lightning," but it is really 
the last signal that we can see of the vanishing thunder storm, 
so far away that the sound of the crashing thunder cannot 
be heard. 

You watch the mysterious flashes : they grow dimmer and 
dimmer and finally you see them no more. Our summer shower 
is gone. It has done what thousands of others have done before, 
and what thousands of others will do in the future. It has 
started, moved off, and finally disappeared from sight ; and as it 
has gone it has told us a story. You can read a part of this 
story if you will ; and in reading it will find much that interests. 




JUNIOR NATURALIST LEAFLET NO. 3 . 

LITTLE HERMIT BROTHER. 

Cicada septendecim. 

ANNA BOTSFORD COMSTOCK. 

N far Thibet exists a class of Buddhist monks who 
are hermits and who dwell in caves. I was told 
about these strange people by a Senior Nat- 
uralist, who has spent his life going 
around the world and finding the coun- 
tries upon it as easily as you Junior 
Naturalists find the same countries on 
the globe in the schoolroom. A real 
naturalist is never contented with maps 
of places and pictures of things, but always desires to see the 
places and things themselves. 

The Senior Naturalist told me that he found Thibet a dreary 
land inhabited by queer people ; and the hermit monks were the 
queerest of all. Each one dwelt in his solitary cave, ate very 
little and worked not at all, but spent his time in thought. 
Could we read his thoughts we would be none the wiser, since 
they are only mysterious thoughts about mysterious things. 

Now it is a surprising fact that we have hermits of similar 
habits here in America ; only our hermits are a little people who 
dress in white garb and live in cells underground ; they also eat 
little and work not at all, and probably meditate upon mysteries. 
However, they are equipped with six legs while the monks of 
Thibet have only two, a difference of little importance since 
neither of them travel far from their caves. ***** 

There are places in eight or nine counties in New York State 
that may surely expect visitors this year. These counties are 
Livingston, Monroe, Onondaga, Ontario, Wyoming, Yates and 
those bordering on Cayuga Lake. The connection between these 
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coming guests and the hermits of Thibet may not seem very 
close at first sight ; but wait- and see. 

The reason why these New York counties expect company 
this year is that they entertained a large number of similar 
guests in 1882, 1865, 1848, 1831, 1814, in 1797, and probably at 
intervals of 17 years long before that ; however, in 1797 is the 
first record ever made of the appearance of these visitors. 
Every time they came they probably outstayed their welcome ; 
yet they had the good quality of allowing their hosts sixteen 
years of rest between visits. 

In order that the Junior Naturalist may recognize these vis- 
itors I will describe their methods of arrival. Sometime during 
the latter part of May or in early June you may hear a great 
buzzing in some trees as if there wet e a thousand liliputian buzz 
saws going at once. If you examine the trees you will find on 
them many queer looking insects, with black bodies about an 
inch long, covered with transparent wings folded like a roof. 
Naturally you will wonder how such great numbers of large 
insects could appear one day when they were nowhere to be seen 
the day before. But if you look at the ground beneath the tree 
you will find in it many small holes. You will also find clinging 
to the tree many whitish objects which at first sight seem like 
pale, wingless insects ; but which on closer examination prove 
to be merely the cast skins of insects (Fig. 11). These are the 
cowls and robes which our little American hermits cast off after 
they come out of their underground cells, and which they must 
shed before they can free their wings. Our little American her- 
mits we call the Seventeen- Year Locusts. However, this name 
is a most confusing one, since we also call our grasshoppers 
locusts, and to them the name truly belongs. These Seventeen- 
Year Locusts are really Cicadas ; and they belong to a different 
Order from the locusts. The real locusts have mouth-parts 
formed for biting, while the Cicadas have mouth-parts grown 
together in the form of a tube through which they suck juices 
of plants. So we hope the Junior Naturalists will call our little 
hermits by their right name, Cicadas ; and will not permit them 
to be spoken of as locusts. 

In order that you may know the mysterious lives of these 
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wonderful insects I will tell you the story of one insect which 
any one of you may find this summer if you live in one of the 
counties above mentioned. 

The Story of Little Hermit Brother, Cicada 

septendecim. 

Seventeen years ago this June, when perhaps the parents of 
some of the Junior Naturalists were themselves school children, 
a Cicada mother made with her ovipositor a little slit or cavity 
in an oak twig, and in this slit placed in a very neat order 
two rows of eggs. Six weeks later there hatched from one of 
these eggs a pale, lively little creature, that to the naked eye 
looked like a tiny white ant. However, if we could have 
examined him through a lens, we would have found him very 
different from an ant; for his two front legs were shaped 
somewhat like lobsters' big claws, and instead of jaws like an 
ant, he simply had a long beak that was hollow like a tube. 
After he came out of his egg he ran about the tree and seemed 
interested in everything he saw for a time. Then, suddenly he 
went to the side of a limb and deliberately fell off. To his little 
eyes the ground below was invisible ; so our small Cicada showed 
great faith when he practically jumped off the edge of his world 
into space. He was such a speck of a creature that the breeze 
took him and lifted him gently down, as if he were the petal of a 
flower, and he alighted on the earth unhurt and probably much 
delighted with his sail through the air. At once he commenced 
hunting for some little crevice in the earth; and when he found 
it he went to the bottom of it and with his shovel-like fore-feet 
began digging downward. I wonder if he stopped to give a last 
look at sky, sunshine, and the beautiful green world before he 
bade them good-bye for seventeen long years. If so, he did it hur- 
riedly, for he was intent upon reaching something to eat. This 
he finally found a short distance below the surface of the ground, 
in the shape of a juicy rootlet of the great tree above. Into this 
he inserted his beak and began to take the sap as we take lemon- 
ade through a straw. He made a little cell around himself and 
then he found existence quite blissful. He ate very little and 
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grew very slowly and there was no perceptible change in him for 
about a year ; then he shed his skin for the first time, and thus, 
insect-wise, grew larger. After a time he dug another cell near 
another rootlet deeper in the ground , but he never exerted him- 
self more than was necessary to obtain the little food that he 
needed. This idle life he found entirely satisfactory and the 
days grew into months and the months into years. Only six 
times in the seventeen years did our hermit change his clothes 
and this was each time a necessity, since they had become too 
srnall. Judging from what the Senior Naturalist told me, I think 
this is six times more that a Thibetan hermit changes his clothes 
in the same length of time. 

What may be the meditations of a little hermit Cicada during 
all these years we cannot even imagine. If any of the Junior 
Naturalists ever find out the secret, they will be very popular 
indeed with the scientific men called psychologists. However, 
if we may judge by actions, the sixteenth summer after our her- 
mit buried himself he began to feel stirring in his bosom aspira- 
tions toward a higher life. He surely had no memory of the 
beautiful world he had abandoned in his babyhood ; but he 
became suddenly possessed with a desire to climb upward and 
began digging his way toward the light. It might be a long 
journey through the hard earth ; for during the many years he 
may have reached the depth of nearly two feet. He is now as 
industrious as he was shiftless before, and it takes him only a few 
weeks to climb out of the depths into which he had fallen through 
nearly seventeen years of inertia. If it should chance that he 
reaches the surface of the ground before he is ready to enjoy life 
he hits upon a device for continuing his way upward without 
danger to himself. Sometimes his fellows have been known to 
crawl out of their burrows and seek safety under logs and stakes 
until the time came to gain their wings. But this is a very 
dangerous proceeding, since there are many watchful eyes in 
forests which belong to creatures who are very fond of bits of 
soft, white meat. So our Cicada, still a hermit, may build him 
a tall cell out of mud above ground. How he builds this * * hut, ' ' 
" cone " or " turret " as it is variously called, we do not know, 
but it is often two inches in height, and he keeps himself in the 
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top of it. Under ordinary circumstances our Cicada would not 
build a hut, but remain in his burrow. 

Finally there comes a fateful evening when as soop. as the sun 
has set, he claws his way through the top of his mud turret or 
out of his burrow and looks about him for further means of 
gratifying his ambitions to climb. A bush, a tree, the highest 
thing within his range of vision, attracts his attention and he 
hurries toward it. It may be he finds himself in company with 
many of his kind hurrying toward the same goal but they are 
of no interest to him as yet. Like the youth in the famous 
poem, " Excelsior " is his motto and he heeds no invitation to 
tarry. When he reaches the highest place within his ken he 
places himself probably back downward on some branch or twig 
and takes a firm hold with all of his six pair of claws and keeps 
very still for a time. Then his skeleton nymph-skin breaks 
open at the back and there pushes out of it a strange creature 
long and white, except for two black spots upon its back ; on he 
comes until only the tip of his body remains in the old nymph- 
skin ; then he reaches forward and grasps the twig with his soft 
new legs and pulls himself entirely clear from the old hermit 
garb. At once his wings begin to grow ; at first they are mere 
pads on his back but they soon expand until they cover his 
body and are flat like those of a miller. The many veins in the 
wings are white and he keeps the wings fluttering in order that 
they may harden soon. If, in the moonlight of some June 
evening a Junior Naturalist should see a tree covered with 
Cicadas at this stage he would think it had suddenly blossomed 
into beautiful, white fluttering flowers. 

As the night wears on, the color of our hero changes and his 
wings harden, until when the sun rises we behold him in the 
glory of a black uniform with facings of orange and with beautiful 
glassy wings folded roof-like above his body. (Fig. n.) Great 
is the change wrought in his appearance during this one mar- 
velous night, and greater still the change wrought in his habits ! 
He is now no longer a hermit ; there are thousands of his kind 
about him, a fact which he realizes with great joy. So happy 
is he that he feels as if he must burst if he does not find some 
adequate means for expressing his happiness in this beautiful 
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world of sunshine. Then suddenly he finds in himself the 
means of expression and bursts into song. Yet, it is not a 
song exactly, for he is a drummer rather than a singer. On his 

body just behind 
each of hi§ hin4 
wings is a kettle 
drum. The head 
to this drum is of 
parchment thrown 
into folds and may 
be seen with a lens 
if you lift his wings 
and look closely. 
(Fig. 12.) Instead 
of drum sticks he 
uses a pair of 
strong muscles to 
throw the mem- 
branes into vibra- 
tion and 
there is a 
complex 
arrange- 
ment of 
cavities 
and sounding 
boards around these drum heads so that the noise he gives off is 
a great one indeed for a fellow of his size. So fond is he of mak- 
ing music that he has no time to eat or to do aught else but to 
sound fanfares all the sunshiny day. He is not the only musician 
on the tree ; there are many others and they all join in a 
swelling chorus that has been described as a roar like that made 
by the "rushing of a strong wind through the trees.' ' 

If our Cicada could talk to one of you Junior Naturalists he 
would tell you that there was a good reason for all this music. 
He would explain that only the men of the Cicada world possess 
drums and that the object and reason of all their music was 
the entertainment of the lady Cicadas, who are not only very 





ii. — The Cicada is full grown at last, and his 
empty nymph skin is hanging to a brand % 



12.— The 
Cicada's 
drum. 
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fond of this drumming but are good critics of Cicada music as well. 
He would perhaps tell you also that he had his eye on a certain 
graceful maiden perched on the leaf between him and the sun ; 
but she on the other hand seemed to give about equal attention to 
him and three other drummers situated nearby* Excited by the 
competition and by her indifference he rattled his drum faster and 
faster until he arose to the heights of Cicada melody and har- 
mony that left his rivals far behind. Then the lady of his choice 
listened spellbound and pronounced him the greatest of all 
musicians, and thus he won his bride. However, we may safely 
predict that their wedded life will be too full of happiness to 
last. After a few weeks the sunshine, the music, the happiness 
of wooing and winning will prove too much for our hero and one 
day he will beat his drum in a last mad ecstacy and fall to earth 
and die from happy exhaustion. His little wife may survive him 
only long enough to cut some slits in some of the twigs of the 
home tree and place in them rows of eggs from which shall 
develop a family of hermits which shall come forth and fill the 
world with their music seventeen years hence, when our Junior 
Naturalists are men and women grown. 

There are many broods of the Cicadas in the United States 
so that they appear in different localities in different years. 
New York State has five well-marked broods : one in the west- 
ern counties is due in 1900 ; a large brood on Long Island and 
near Rochester will appear in 1902 ; another on Long Island in 
1906 ; another in the Hudson River Valley in 191 1. The brood 
which we ask the Junior Naturalists to study this summer is 
limited to central New York and northern Pennsylvania and is 
called Marlatt's brood No. VII. , or Riley's brood No. XIX. As it 
was observed first in 1797, you see this race was an " old settler M 
in central New York and was doubtless here many years before 
the pilgrim fathers landed at Plymouth. So when the Junior 
Naturalists of central New York observe the Cicada this summer 
let them count back and see how few generations of them have 
passed since only Indians listened when they came forth from 
their caves and beat out their short lives in song. 

There are several other species of Cicada peculiar to America. 
One is called Cicada tredecim since it appears every thirteen 
years. However, this species is limited to the south. 
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The Dog Day Harvest Fly, or Lyreman, is the Cicada that is 
best known to us through the northern and middle states. This 
appears in small numbers every year and is a distinct addition to 
the summer chorus of insect singers. He is larger and much 
more dignified in appearance than is his cousin septendecim. He 
wears a black suit embroidered with scrolls of dark olive green 
and the whole lower surface of his body is covered with white 
powder. His drums are situated above plates which may be seen 
on the lower side of the body, one behind each hind leg. He 
hides in trees and his shrill music is so associated with the heat 
of summer noons that the sound itself makes one drowsy. The 
hermit life of the lyremen in underground cells is supposed to 
last only two years. 

While the Cicada of which we have spoken are the children 
of an ancient race which inhabits America, Europe also has 
her ancient races of Cicadas, although they are not the kind who 
live hermit lives for seventeen years. We have evidence that 
their music was held in high esteem by the ancient races of men — 
especially the Greeks. When Homer complimented his orators 
he compared them with Cicadas. Thus it may lend a special 
interest to the Study of the Cicada by our Junior Naturalists 
when they know that his kettle drums have been celebrated 
instruments of music by poets who wrote three thousand years 
before America was discovered by Columbus. 

Queries for Sharp Eyes. 

When did you first see one of the Cicadas ? 

What was it doing when you found it ? 

Did it do anything to attract your notice to it, or did you find 
it by accident ? 

Where did you find it ? 

See if you can determine which are the father and which the 
mother Cicadas ? 

Try to find where a mother Cicada has laid some eggs ? 

If you find where the Cicada emerged from the ground, or 
from a hut, give a brief description of the location, as to kind 
of soil, etc. 

Where did you find the most of the cast off nymph skins ? 

Did you discover animals or birds feeding upon the Cicada ? 



NOTES FOR JUNIOR NATURALISTS. 



JOHN W. SPENCER. 



BY KNOWN, that 



r Naturalist Club 
under the care and direction 
aell University College of 



r, its purpose is the Study 
t, to the end that every 
reof shall love the country 
better and be content to live therein ; 
And further that this Document 
is a Charter acknowledging said Club to be a part in the Exten- 
sion Work in Agriculture, inaugurated under the Laws of 
the State of New York. 
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The foregoing picture represents on a small scale the charter 
which we give to Junior Naturalist Clubs. A seal is attached to 
each charter. On the right is the tower of the Cornell University 
Library. The Library itself is an immense storehouse of books, 
containing about 225,000 volumes, besides many periodicals. It 
is a great factor in University life and work. The University 
buildings are dotted about the campus, resembling a scattered 
village ; but all have a path leading to the Library. On the left 
of the picture is the country schoolhouse, and between that and 
the Library tower letters will be seen passing back and forth. 
These are to bind in closer sympathy the University and every 
common school of the country. 

We want every child to form a Junior Naturalist's Club, or to 
be a member of one. We wish it to be an actual and active club 
where you can help each other to see the common things about 
you. We want you to be real naturalists in a boy and girl way. 
We shall help you to get as much fun out of it as can be found 
in fishing, and as much wisdom as can be found in a big book. 
You will not be asked to study books very much, but to see the 
things themselves. All boys and girls can join the club, and 
those doing required work will receive a badge button. 

The first step for you to take toward organizing such a club is 
to ask all boys and girls, who wish to join, to sign their names 
to a list for membership. Then call a meeting of all members 
for election of officers, consisting of a president, secretary and 
treasurer, and for choosing a name for your club. Your secre- 
tary can write us an account of the proceedings of your meet- 
ing, giving us the names of your officers and those of your 
members, and we, in return, will send a charter showing that 
we recognize you as working under our direction. With the 
charter we shall send you some directions for beginning work, 
the first step of which will probably be to go to the fields and 
woods for some material for study. Perhaps your teacher will 
permit you to bring this material to the schoolroom where you 
can observe it closely from time to time. 

Most clubs have weekly dues. We shall expect dues from 
each member, not in money, but a letter, written each week, tell- 
ing us what new things you have learned. If you prefer to send 
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us drawings instead of a letter, we shall accept them for dues. 
In some grades, your teacher may wish you to do this as ' * busy 
work;" or, if she prefers, you can make your nature-study the 
topic for your language or drawing. lessons. Whichever you do, 
we hope you may be permitted to write as you would talk. We 
do not care to know so much about your scholarship as to learn 
your way of thinking and seeing. 

The letters that we receive from members of the Junior Natur- 
alist Clubs are very interesting, and we find that there are many 
ways in which they regard the same questions. Some seem to 
think that * ' to get the answer ' ' the quickest way possible is all 
that is necessary. Such answers do not mean much and we are 
not satisfied with them, because they show very little thought. 

After a busy day's work, I often walk home by a path that 
leads me across a high bridge, where it is a great rest to lean on the 
railing and gaze into the gulf beneath. The hemlocks, whose 
tips, do not reach as high as the floor of the bridge, spread their 
boughs until they partially screen the bounding waters on the 
rocky stairs beneath. I think of other days when a comrade j oined 
me in the same pleasure of a five minutes' silent contemplation. 
If you ask me what I see in that chasm that rests me so much, 
I might tell you that I am watching the water run down hill. 
This would be " giving an answer," yet it would not express 
what I feel and what is really to be seen in the shadowy depth. 

Some of the letters tell us the number of legs which a tent 
caterpillar has, the stripes on its back, and all that kind of detail, 
and so far as it goes it is all right. What we want, however, is 
more thought given to the subject. Besides learning all we can 
about it in its present condition, we must look upon the cater- 
pillar as the second link of a chain containing four parts. To 
understand some of the marvels of its life, we must understand 
Nature's method of causing each link to be a preparation for the 
following one. 

The only way this insect survives our severe storms of 
winter is in the egg state . These eggs are covered with a thick coat 
of varnish which furnishes a protection as effective as that pro- 
tecting the paint on the finest coach. The varnish on President 
McKinley's carriage is of no better quality than that which the 
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mother puts upon these eggs. The eggs do not hatch until 
food, in the form of young buds, appears. When left to natural 
conditions, the buds and the caterpillars develop together and 
one never precedes the other. As the hairy fellows increase in 
size and demand more food, the foliage expands to meet the 
increased demand for forage. The Junior Naturalist who simply 
works " to get the answer M fails in getting this interesting part 
of the lesson. 

What are the four stages in the life of the tent caterpillar? 



By the time this meets the eyes of our Junior Naturalists, 
there will have appeared in the counties of Livingston, Madi- 
son, Monroe, Onondaga, Wyoming and Yates in this State the 
seventeen-year locust or, more. properly speaking, Cicada, about 
which Mrs. Comstock has charmingly told you elsewhere. We 
have a number of Junior Naturalists in these counties, and we 
shall ask them to make observations upon this visitor and send 
their reports to us for publication in a future number. A close 
reader of Mrs. Comstock's article will see that these Cicadas are 
really insects, that spend their lives in the ground for 17 
years and come out to the air and sunshine only to prepare 
eggs for another brood, and not to eat. The only damage they 
do is to kill the tender shoots of trees where eggs are deposited. 
When this occurs on trees nearly full grown, the damage is very 
slight. We wish to call your attention to what is said about the 
manner in which the male produces a call for his mate. When 
in large numbers the united sounds make an impression one will 
never forget. 



Following is a list of the Junior Naturalist Clubs organized 
up to May 24, 1899. Some of the Clubs have not yet sent us 
the names of officers : 
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MISCELLANEOUS NOTES. 

Home Nature-Study Course. 

A Home Nature-Study Course for teachers has been established 
for the benefit of those who wish to carry on a line of study in 
connection with their teaching, and through vacation, but who 
cannot undertake the work of a summer school. 

The course consists of printed matter selected for the purpose 
from the publications of the Bureau of Nature-Study, together 
with a quiz. This quiz is a series of questions, but should be 
regarded as a report of progress and not as an examination. 

Lesson i on the germination of seeds is already in the hands 
of some five hundred teachers. • Lesson 2 is on the subject of 
life in an aquarium with special reference to the study of the 
development of the toad and the frog. Both lessons will be sent 
on application, and others will follow as issued. 

It is hoped that groups of teachers in one school or locality, 
training classes, and others preparing to teach, will take up this 
Home Nature-Study Course. 

Synopsis of the Extension Work. 

The State Extension Work in Agriculture prosecuted by the 
College of Agriculture of Cornell University, proceeds along the 
following lines : 

I. Cooperative experimentation , the results of which are reported in 
the regular bulletins of the Station. 

II. Nature-Study and Farmer's Reading Course. — The Nature-study 
movement proceeds along several lines, of which the following are chief : 

(1.) Efforts "to reach the children through the teacher, by means of j^ 
Teacher's leaflets. 
Instruction at teachers' institutes. 
Instruction at State summer schools. 

Instruction in a school of nature-study at Cornell University. 
Home nature-study course. 
Personal correspondence. 
(2.) Efforts to reach the children directly, by means of : 
Naturalist clubs. 
Children's leaflets. 
Making of gardens. 
Collecting of insects. 
Holding of flower-shows. 
Personal correspondence. 
Correspondence may be addressed to Bureau of Nature-Study, Ithaca, N.Y. 

Iv. H. Baii,ey, Chief. 

John W. Spbnckr, Deputy Chief. 
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NATURE-STUDY LEAFLET NO. IB. 

A HANDFUL OF SOIL. 

Part I : What It Is. 

BY R. S. TARR. 

IND drifts a seed from the parent plant until 
it'settles to the ground, perhaps in a field 
or by the roadside, or even in the school- 
yard. There it remains through the long 
winter ; but with the return of spring, encouraged by the warm 
sunlight, the seed awakens from its dormant condition, breaks 
open the seed-cover and sends leaves into the air and roots into 
the ground. No one planted the weed ; but it has made its way 
in the world and it thrives until it has given to other seeds the 
same opportunity to start in life. 

Had the seed fallen upon a board or a stone, it might have 
sent out leaves and roots; but' all in vain, for something was 
lacking and that seed was a failure in life. What is there in the 
soil that is so necessary to the success of plant life ? And how 
has it come to be there? Indeed, what is this soil that plants 
need so much ? These are some of the questions which we will 
try to answer. 

One readily sees that the soil furnishes a place for the plants 
to fix themselves ; an anchorage, as it were. It is also easy to 
see that from the soil the plants obtain a supply of water ; and, 
moreover, that this water is very necessary, for the vegetation 
in a moist country suffers greatly in time of drought, and few 
plants «*re able to grow in a desert region because there is so little 
water. You can make a desert in the school room and contrast 
it with moist soil by planting seeds in two dishes of soil, water- 
ing one dish, but furnishing none to the other. 

That water is necessary to plants is also proved by the plant 
itself. The sap and the moisture which may be pressed out of 
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a grass stem or an apple are principally water taken from the 
soil by the roots. But there is more than water, for the juice of 
an apple is sweet or sour, while the sap and juice of other plants 
may be sweet or bitter. There are some substances dissolved in 
the water. 

It is these dissolved substances that the plants need for their 
growth, and they find them ready for use in the soil. There is a 
plant-food which theroots seek and find, so that every plant which 
sends roots into the soil takes something from it to build in the 
plant tissue. The sharp edges of some sedges, which will cut 
the hand like a dull knife, and the wood ashes left when a wood 



14. — A boulder-strewn soil of glacial origin with one 0/ the large erratics 
on the right similar to those which early attracted attention to the drift. 
See page 42. 

fire is burned, represent in part this plant-food obtained from 
the soil. 

Let us take a handful of soil from the field, the school yard, 
or the street and examine it. We find it to be dirt that " soils " 
the hands ; and when we try to brush off the dirt we notice a 
gritty feeling that is quite disagreeable. This is due to the bits 
of mineral in the soil ; and that these are hard, even harder than 
a pin, may often be proved by rubbing soil against a piece of 
glass, which the hard bits will scratch, while a pin will not. 
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Study this soil with the eye and you may not see the tiny bits, 
(bough in sandy soils one may easily notice that they are bits of 
mineral. Even fine, loamy and clay soils when examined with 
a pocket lens or a microscope will be found to be composed of 
tiny fragments of mineral. It is evident that in some way 
mineral has been powdered up to form the soil ; and since the 
minerals come from rocks, it is the rocks that have been ground 
up. That powdered rock will make just such a substance as soil 
may be proved by pounding a pebble to bits, or by collecting 



some of the rock dust that is made when a hole is drilled in a 
rock. Much the same substance is ground from a grindstone 
when a knife is sharpened on it, making the water muddy like 
that in a mud hole. 

It will bean interesting experiment to reduce a pebble to pow- 
der and plant seeds in it to see if they will grow as well as in 
soil ; but in preparing it try to avoid using a sandstone pebble, 
because sandy soils are never very fertile. 

Not only is soil made up of bits of powdered rock, but it 
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everywhere rests upon rock (Fig. 15). Some consider soil to be 
only the surface layers in which plants grow ; but really this is, in 
most places, essentially the same as the layers below, down even to 
the very rock, so that we might call it all soil, though, since a 
special name, regolith (meaning stone blanket), has been pro- 
posed for all the soft, soil-like rock-cover, we may speak of it as 
regolith and reserve the word soil for the surface layers only. 

In some places there is no soil on the bare rocks ; elsewhere 
the soil-cover is a foot or two in depth ; but there are places where 
the regolith is several hundred feet deep. In such places, even 
the wells do not reach the rocks ; nor do the streams cut down 
to it ; but even there, if one should dig deep enough, he would 
reach the solid rock beneath. 

How has this hard rock been changed to loose soil ? One of 
the ways, of which there are several, may be easily studied 
whenever a rock has been exposed to the air. Let us go to a 
stone wall or among the pebbles in a field, for instance, and, chip- 
ping off the surface, notice how different the inside is from the 
outside. The outer crust is rusted and possibly quite soft, while 
the interior is hard and fresher. Many excellent examples of 
this may be seen in any stony field or stone wall. 

As hard iron rusts and crumbles to powder when exposed to 
the weather, so will the minerals and the rocks decay and fall to 
bits ; but rocks require a very much greater time for this than 
does iron. It happens that the soil of New York has not been 
produced by the decay of rock ; and, therefore, although most 
soils of the world have been formed in this way, we will not 
delay longer in studying it now, nor in considering the exact way 
in which rocks are enabled to crumble. 

Another way in which rocks may be powdered may also be 
seen in most parts of New York. The rains wash soil from 
the hillsides and the streams become muddy. In them there are 
also many pebbles, representing the larger fragments that have 
fallen into the stream after having been broken from the ledges. 
The current carries these all along down the stream, and, as 
they go, one piece striking against another, or being dragged 
over the rocks in the stream bed, the pebbles are ground down 
and smoothed (Fig. 16), which means, of course, that more mud 
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is supplied to the stream, as mud is furnished from a grindstone 
when a knife or scythe is being sharpened on it. On the 
pebbly beaches of the sea or lakeshoremuch the same thing may 
be seen ; and here also the constant grinding of the rocks 
together, wears off the edges until the pebbles become smooth 
and round. 

Supplied with bits of rock from the soil, or ground from the 
pebbles and rocks along its course, the stream carries its load 



16.— The bed of a stream at low water, revealing the rounded pebbles that 
have been worn and smoothed by being rolled about, thus grinding off 
tiny bits which later are built into theflood-plains. 

onward perhaps to a lake, which it commences to fill, forming a 
broad delta of level and fertile land, near where the stream enters 
the lake. Or, possibly, the stream enters the sea and builds a 
delta there, as the Mississippi river has done. 

But much of the mud does not reach the sea. The greatest 
supply comes when the streams are so flooded by heavy rains or 
melting snows, that the river channel is no longer able to hold 
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the water, which then rises above the banks overflowing the sur- 
rounding country. Then, since its current is checked where it 
is so shallow, the water drops some of its load of rock bits on 
the flood -plain, much as the muddy water in a gutter drops sand 
or mud on the sidewalk when, in time of heavy rains, it over- 
flows the sidewalk. 

Many of the most fertile lands of the world are flood-plains of 
this kind, where sediment, gathered by the streams farther up 
their courses, is dropped upon the flood-plains, enriching them by 



new layers of fertile soil. One does not need to go to the Nile, 
the Yellow or the Mississippi for illustrations of this; they 
abound on every hand and many thousands of illustrations, 
. great and small, may be found in the State of New York. 
Doubtless you can find one. 

There are other ways in which soils may be formed (Fig. 17) ; 
but only one more will be considered, and that is the way in which 
most of the soils of New York have been made. To study this 
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let us go to a cut in the earth, such as a well or a stream bank 

(Figs. 15 and 17). Scattered through the soil numerous pebbles 
and boulders will doubt- 
' less be found ; aud if they 
are compared with the 
solid or bed rock of the 
country, which underlies 
the soil (Fig. 15), some of 
them will be found to be 
quite different from it. 
For instance, where the 
bed rock is shale or lime- 
stone, some of the pebbles 
will no doubt be granite, 
sandstone, etc. If you 
could explore, you would 
find just such rocks to the 
north of you, perhapsone 
or two hundred miles 
away in Canada ; or, if 
your home is south of the 

Adirondacks, you might trace them in those mountains. 

On some of these pebbles, especially the softer ones, such as 

limestone, you will find scratches, as if they had been ground 

forcibly together (Fig. 

18). Looking now at 

the bed rock in some 

place from which the soil 

has been recently re- 
moved, you will find it 

also scratched and 

grooved (Fig. 19) ; and 

if you take the direction 

of these scratches with 

the compass, you will ^,— The grooved bed rock scratched by the 

find that they extend in movement of the ice sheet over it, 

a general north and south direction, pointing in fact in the same 

direction from which the pebbles have come. 
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All over northeastern, North America and northwestern 
Europe the soil is of the same nature as that just described. 
In our own country this kind of soil reaches down as far as the 
edge of the shaded area in the Map (Fig. 20) and it will be noticed 
that all of New York is within that area excepting the extreme 
southwestern part near the southern end of Chautauqua lake. 

Not only is the soil peculiar within this district but there are 
many small hills of clay or sand, or sometimes of both together 
(Figs. 26 and 27). They rise in huramocky form and often 
have deep pits or kettle-shaped basins between, sometimes, when 
the soil is clayey enough to hold water, containing tiny pools. 
These hills extend in somewhat irregular ranges stretching across 
country from the east toward the west. The posiv*-^ of some 
of these ranges is indicated on the map (Fig. 20). 

For a long time people wondered bow this soil with its foreign 
pebbles and boulders, altogether called " drift," came to be 
placed where they are ; they were especially puzzled to tell how 
the large boulders, called erratics (Fig. 14), should have been 
carried from one place to another. It was suggested that they 
came from the bursting of planets, from comets, from the explo- 
sion of mountains, from floods, and in other ways equally 
unlikely ; but Louis Agassiz, studying the glaciers of the Alps 
and the country round about, was impressed by the resemblance 
between the * ' drift ' ' and the materials carried by living glaciers. 

Agassiz, therefore, proposed the hypothesis that glaciers had 
carried the drift and left it where we now find it ; but for many 
years his glacial hypothesis met with a great deal of opposition 
because it seemed impossible that the climate could have 
changed so greatly as to cover what is now a temperate land 
with a great sheet of ice. Indeed, even now, although all who 
have especially studied the subject are convinced, many people, 
even those who are educated in some directions, have not 
accepted Agassiz' s explanation, just as years ago, long after it 
was proved that the earth . rotated each day, many people still 
believed that it was the sun, not the earth, that was moving. 

The glacial explanation is as certain as that the earth rotates. 
For some reason, which we do not know, the climate changed 
and allowed ice to cover temperate lands, as before that, the 
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climate had changed so as to allow plants like those now grow- 
ing as far south as Virginia, to live in Greenland, now ice cov- 
ered. When the ice of the glacier melted away it left only signs 
of its presence ; but when the temperate latitude plants grew in 
Greenland they left seeds, leaves and tree trunks which have 

been imbedded 
in the rocks as 
fossils. One 
may now pick 
the leaves of 
temperate cli- 
mate trees from 
the rocks be- 
neath a great 
icecap. 

Nevertheless, 
to one who stu- 
dies them, the 
signs left by the 
glacier are as 
clear proof as 
the leaves and 
seeds. From 
these signs we know that the climate has changed slowly, but we 
have not yet learned why it changed. 

There are now two places on the earth where vast glaciers, or 
ice sheets, cover immense areas of land, one in the Antarctic, a 
region very little known, the other in Greenland, where there 
is an ice sheet covering land having an area more than ten 
times that of the State of New York. Let us go to this region 
to see what is being done there, tn order to compare it with 
what has been done in New York. 

In the interior is a vast plateau of ice, in places over 10,000 
feet high, a great icy desert (Fig. 21), where absolutely no life 
of any kind, either animal or plant, can exist and where it never 
rains, but where even in the middle of summer the storms bring 
snow. Such must have been the condition in northeastern 
America during the glacial period. 
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This vast ice sheet is slowly moving outward in all directions 

from the elevated center, much as a pile of wax may be made 1 to 

flow outward by 

placing a heavy 

weight upon the 

middle. Mov 

ing toward the 

north, east, 

south and west 

this glacier must 

of course come 

to an end sonic- 

where. In 

places, usually 

at the heads of *2.— The edge of a part of the great Greenland ice sheet 

, .. , . (on the left) resting on the land, over which are 

bays, the end is strewn many boulders brought by the ice and left there 

in the sea, as the when it melted. 

end of our gla- 
cier must have been off the shores of New England. From 

these sea-ends, icebergs constantly break off ; and, floating away 
toward the south, often reach, 
before they melt, as far as the 
path followed by the steamers 
from the United States to 
Europe. Between the bays, 
where the glacier ends in the 
sea, the ice front rests on the 
land (Fig. 22), as it did over 
the greater part of New York 
and the states further west. 
There it melts in the summer, 
supplying streams with water 
and filling many small ponds 
and lakes. The front stands 
there year after year, some- 
times moving a little ahead, 
again melting further back so 
as to reveal the rocks on which 
it formerly rested. 
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 Examining this rac'k it is- found to be' polished, scratched and 
grooved just like the bed-rock in New York; and the scratches 
extend in the di- 
rection from 
which the ice 
moves. Resting 
on the rock are 
boulders and 
. pebbles (Fig. 22), 
I sometimes on the 
1 bare rock, some- 
times imbedded 
in a clay as they 
are with us. As 
we found when 
24.— A part of the edge of the Greenland glacier, Studying the soil 
clean while ice above, and dark discolored bands j n our own re . 
below where laden with rock fragments. In the 
foreground is a boulder-strewn moraine. gi° n > so here the 

pebbles are often 
scratched, and many of them are quite different from the rock on 
which they rest. 

Going nearer to the ice we find the lower part loaded with peb- 
bles, boulders and bits of clay quite like those x>n the rocks near 
by. Fig. 23 shows 
oneof these, scratched 
and grooved, which I 
once dug from the ice, 
of this very glacier. 
The bottom of the ice 
is like a huge sand- 
paper, being dragged 
over the bed rock 
with tremendous 
force. It carries a 

load of rock frag- 25— Hummocky surface of the boulder-strewn 
ments, and as it moraine of Greenland. 

moves obtains more by grinding or prying them from the 
rocks beneath. These all travel on toward the edge of the ice, 
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being constantly ground finer and finer as wheat is grcra»(d when- " 
it goes through the mill. Indeed the resemblance is so close 
that the clay coming from this grinding action is often called 
rock flour. 

Dragged to the front of the ice, the rock bits, great and small, 
roll out as the ice melts, some, especially the finest, being car- 
ried away in the water, which is always muddy with the rock 
flour it carries; but much remains near the edge of the ice form- 
ing a moraine (Figs. 24 and 25). This moraine, dumped at the 



edge of the glacier, very closely resembles the hummocky hills of 
New York (Figs. 26 and 27), mentioned above, which are really 
moraines formed at the ice edge during the glacial period. While 
their form is quite alike, the New York moraines are generally 
less pebbly than the Greenland moraines, because the Greenland 
glacier carries less rock flour than did the glacier which covered 
New York. 

In the Greenland glacier, as you can see in Fig. 24 there 
js much dirt and rock ; in the glacier of the glacial period 
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there was even more. When it melted away tht ice disappeared 
as water, but the rock fragments of course fell down upon the 
rock beneath and formed soil. If over a certain region, as for 
instance over your home, the ice carried a great load of drift, when 
this gradually settled down, as the ice melted, it formed a deep 
layer of soil ; but if the glacier had only a small load a shallow soil 
was left. Again, if the ice front remained for a long time near 
a certain place, as near your home, it kept bringing and dump- 
ing rock fragments to form moraines, which, of course, would 
continue to grow higher so long as the ice dumped it, much as a 
sand pile will continue to grow higher so long as fresh loads are 
brought and dumped. 

There are other causes for differences in the glacial soils, but 
most of them cannot be considered here. One of them is so 
important, however, that it must be mentioned. With the melt- 
ing of so much ice, vast floods of water were caused, and these 
came from the ice, perhaps in places where there are now no 
streams, or at best small ones. These rapid currents carried off 
much of the rock flour and left the coarser and heavier sand, 
gravel, or pebbles, the latter often well rounded, with the 
scratches removed by the long continued rolling about in the 
glacial stream bed. 

One often finds such beds of sand or gravel in different parts 
of the state, telling not only of ice where it is now absent, but 
of water currents where is now dry land. The rock flour was 
in some cases carried to the sea, elsewhere to lakes, or in still 
other places deposited in the flood-plains of the glacier- fed rivers. 
Now some of this rock flour is dug out to make into bricks. 

Enough has been said to show that the soils of New York 
were brought by a glacier and to point out that there are many 
differences in the thickness of the soil as well as in kind and 
condition. The agriculture of the State is greatly influenced by 
these differences. In some cases one part of a farm has a deep, 
rich soil, another part a barren, sandy, pebbly or boulder covered 
soil (Fig. 14), while in still another part the bed rock may be so 
near the surface that it does not pay to clear it. Moreover, some 
farms are in hummocky moraines, while others, near by are on 
level plains (Fig. 27), where a broad glacial stream built up a 
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flood-plain in a place where now the stream is so small that it 
never rises high enough to overflow the plain. 

There are even other differences than these and one who is 
familiar with a region is often puzzled to explain them ; but 
they are all due to the glacier or to the water furnished by its 
melting, and a careful study by a student of the subject of 
Glacial Geology will serve to explain them. Each place has had 
peculiar conditions and it would be necessary to study each 
place carefully in order to explain all the differences much 
further than has been done here. 
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Not only is agriculture influenced greatly by the differences 
in the soil from place to place, but also by the very fact that 
they are glacial soils. In a soil that has been formed by the 
decay of rock some of the materials needed by plants, the plant 
foods, have been leached out and carried off by the water while 
the rock was decaying ; but the glacial soils have most of these 
foods still stored up for use. Here the minerals are simply 
ground up and not much decayed, while in the other case they 
are badly decayed, the difference being something like that 
between iron filings which are able to decay and rust, and iron 
rust which is already decayed. 
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Slowly the glacial soils are decaying, and, as they do so, are 
furnishing plant food to the water which the roots greedily draw 
in. So the glacial soil is not a mere store house of plant food, 
but a manufactory of it as well, and glacial soils are therefore 
''strong" and last for a long time. That decay is going on, 
especially near the surface, may often be seen in a cut in this 
kind of soil, where the natural blue color of the soil itself is seen 
below, while near the surface it is rusted yellow by the decay of 
certain minerals which contain iron. 

Few materials on the earth are more important than the soil ; 
it acts as the intermediary between man and the earth. The 
rocks have some substance locked up in them which animals 
need ; by decay, or by grinding up, the rocks crumble so that 
plants may send roots into them and extract the substances 
needed by animals. Gifted with this wonderful power the plants 
grow and furnish foods to animals, some of them the very plant 
foods from the rocks ; and so the animals of the land, and man 
himself, obtain a large part of their food from the rocks. It is 
then worth the while to stop for a moment and think and study 
about this, one of the most marvelous of the many wonderful 
adjustments of Nature, but so common that most people live 
and die without even giving it more than a passing thought. 

Part II : What it Does. 

BY L. A. CLINTON. 

The more one studies the soil the more certainly it will be found 
that the earth has locked up in her bosom many secrets, and that 
these secrets will not be given up for the mere asking. As mys- 
terious as the soil may appear at different times, it always is gov- 
erned by certain laws. These principles once understood, the 
soil becomes an open book from which one may read quickly and 
accurately. 

Uses of the Soil. 

The soil has certain offices to perform for which it is admirably 
fitted. The most important of these offices are : 
i. To hold plants in place. 
2. To serve as a source of plant-food. 
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3. To act as a reservoir for moisture. 

4. As a storehouse for applied plant-food or fertilizer. 
Some soils are capable of performing all these offices, while 

others are fitted for only a part of them. Thus a soil which 
may be pure sand and almost entirely deficient in the essential 
elements of plant-food, may serve, if located near a large city, 
merely to hold the plants in position while the skillful gardener 
feeds the plants with specially prepared fertilizers, and by irri- 
gation supplies the moisture. 

Early in the study of soils an excursion, if possible, should be 
made into the woods. Great trees will be found and under the 
trees will be found various shrubs and possibly weeds and grass. 
It will be noticed that the soil is well occupied with growing 
plants. The surface will be found covered with a layer several 
inches thick of leaves and twigs. Beneath this covering the soil 
is dark, moist, full of organic matter, loose, easily spaded except 
as roots or stones may interfere, and the soil has every appear- 
ance of being fertile. 

Soil Conditions as Found in Many Fields. 

After examining the conditions in the forest, a study should 
be made of the soil in some cultivated field. It will be found 
that in the fields the soil has lost many of the marked character- 
istics noticed in the woodland. In walking over the fields, the 
soil will be found to be hard and compact. The surface may be 
covered with growing plants, and if the seeds which have been 
put into the soil by the farmer have not germinated and the 
plants made growth, nature has quickly come to the rescue and 
filled the soil with other plants which we commonly call weeds. 
It is nature's plan to keep the soil covered with growing plants, 
and from nature we should learn a lesson. The field soil, instead 
of being moist, is dry ; instead of being loose and friable, is hard 
and compact, and it appears entirely different in texture from the 
woodland soil. The cause of the difference is not hard to dis- 
cover. In the woods, nature for years has been building up the 
soil. The leaves from the trees fall to the ground and form a 
covering which prevents washing, and these leaves decay and 
add to the humus or vegetable mold of the soil. Roots are con- 
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stantly decaying and these furnish channels through the soil 
and permit of air and water drainage. 

In the field, nature's lesson has been disregarded and too often 
the whole aim seems to be to remove everything from the soil 
and to make no returns. Consequently the organic matter or 
humus has been used up ; the tramping of the horses' feet has 
closed the natural drainage canals ; after the crop is removed, the 
soil is left naked during the winter and the heavy rains wash and 
erode the surface and remove some of the best plant-food. After 
a few years of such treatment, the farmer wonders why the soil 
will not produce as liberally as it formerly did. 

Experiment No. i. — The fact that there is humus or vegetable 
mold in certain soils can be shown by burning. Weigh a potful 
of hard soil and a potful of lowlands soil or muck, after each 
has been thoroughly dried. Then put the pots on the coals in a 
coal stove. After the soil is thoroughly burned, weigh again. 
Some of the difference in weight may be due to loss of moisture, 
but if the samples were well dried in the beginning, mbst of the 
loss will be due to the burning of the humus. 

Conditions which Affect Fertility. 

There are certain conditions which affect soil fertility and of 
these the most important are : 

* 

Texture. 

Moisture-content. 
Plant-food. 
Temperature. 

Texture and its Relation to Fertility. 

By texture is meant the physical condition of the soil. Upon 
good texture, more than upon any other one thing, depends the 
productivity of the soil. When the texture is right the soil is 
fine, loose and friable ; the roots are able to push through the 
soil and the feeding area is enlarged. Each individual particle 
is free to give up a portion of its plant-food or its film of mois- 
ture. The conditions which are found in the woods' soil are 
almost ideal. 

Experiment No. 2. — The importance of good texture can be 
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well shown in the class-room. Pots should be filled with a soil 
which is lumpy and cloddy and other pots with the same kind of 
material after it has been made fine and mellow. Seeds should 
then be planted in the different pots and a careful study made of 
the length of time required for germination and of the health 
and vigor of the plants. 

Experiment No. j.— The greater part of our farming lands do 
not present the ideal conditions as regards texture. Clay soils 
are especially liable to be in bad condition. If samples of the 
various soils can be collected, as sand, loam, clay, etc., it may be 
clearly shown how different soils respond to the same kind of 
treatment. With a common garden trowel, the soil should be 
stirred and worked while wet and then put away to dry. After 
drying, the conditions presented by the soils should be noted, 
also the length of time required for the soils to become dry. 
Whereas the sand and the loam will remain in fairly good condi- 
tion when dry, the clay will have become " puddled,' ' u e. t the 
particles will have run together and made a hard compact mass. 
Thus it is found in practice that clay soils must be handled with 
far more care and intelligence than is required for the sand and 
loams, if the texture is to be kept perfect. 

Experiment No. 4. — If, in the experiment above suggested, the 
clay soil is mixed with leaf-mold or humous soil from the woods, 
it will be found to act very differently. The vegetable matter 
thus mixed with the mineral matter prevents the running 
together of the particles of clay. 

Two principles, both important as relating to soil texture, now 
have been illustrated. Soils must not be worked when they are 
so wet that their particles will cohere, and organic matter or 
humus must be kept mixed with the mineral matter of the soil. 

In practical farm operations, if the soil can be made into a mud 
ball it is said to be too wet to work. The required amount of 
humus is retained in the soil by occasionally plowing under some 
green crop, as clover, or by applying barn manures. 

Clay soils are also frequently treated with lime to cause them 
to remain in good condition and be more easily tilled. Lime 
causes the fine particles to flocculate or to become granular, z. <?., 
several particles unite to form a larger particle and these combi- 



54 

nations are more stable and do not so readily puddle or run 
together. A mud-puddle in clay soil wilt remain murky until 
the water has evaporated entirely. Let -a little water-slaked 
lime be mixed with the muddy water and the particles of clay will 
be flocculated and will settle to the bottom and the water becomes 
clear. 

Experiment No. 5. — Into two glasses of water put some fine 
clay soil and thoroughly stir the mixture (Fig. 28). Into 
one glass thus prepared put a spoonful of water-slaked lime 
and stir thoroughly, then allow both glasses to remain quiet 



that the soil may settle. Notice in which glass the water 
becomes clear first and note the appearance of the sediment in each. 

The Moisture in the Soil. 
In a former leaflet (No. 14) has been given the history of a 
thunder shower. We are not told much about the history of the 
water after it reaches the earth. If we go out immediately after 
a heavy shower we find little streams running alongside the 
road. These little streams unite to make larger streams, until 
finally the creeks and rivers are swollen, and, if the rain was 
heavy enough, the streams may overflow their banks. In all 
these streams, from the smallest to the largest, the water is 
muddy. Where did this mud come from? It was largely 
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washed from the cultivated fields, and the finest and best soil is 
certain to start first on its voyage to the valleys or to the sea. 
If the farmer only had learned better the lesson from nature 
and kept bis fields covered with plants, a large part of the loss 
might have been prevented. A rain gauge should be kept in 
every school yard, so that every shower can be measured. It 
can then be determined easily by the pupils how many tons of 
rain fall upon the school grounds, how much falls upon an acre 
of land, and it will be a matter of surprise that the- amount is 
so great. 

Not all the water which falls during a summer shower is car- 
ried off by surface drainage, but a considerable part sinks into 
the soil. As it passes down, each soil grain takes up a portion 
and surrounds itself with a little film of water much as does a 
marble when dipped into the water. If the rain continues long 
enough the soil will become saturated and the water which can- 
not be retained, will, under influence: of gravity, sink down to 
the lower layers of soil until it finally reaches the level of the 
free water. From this free water, at varying depths in the soil, 
wells and springs are supplied. If the soil were to remain long 
saturated seeds would not germinate, and most cultivated plants 
would not grow because all the air passages of the soil are filled 



with water (Fig. 29). The water which sinks down deep into the 
soil and helps supply our wells is called free water. That portion 
which is held as a film by the soil particles (as on a marble) is 
called capillary water. After the rain is over and the sun shines 
a part of the moisture which is held by the particles near the 
surface is lost by evaporation. The moisture which is below 
tends to rise to restore the equilibrium, and thus there is created 
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a current toward the surface, and finally into the air ; and the 
moisture which thus escapes aids in forming the next thunder 
storm. 

Experiment No. 6. — Humus enables the soil to take up and 
hold large quantities of water. To illustrate this : Two sam- 
ples of soil should be obtained, one a humus or alluvial soil, rich 
in organic matter, and the other a sandy soil. Put the two samples 
where they will become thoroughly air .dry. Procure, say five 
pounds each of the dry soils, and put into glass tubes over one 
end of which there is tied a piece of muslin or fine wire gauze. 
From a graduated glass pour water slowly upon each sample until 
the water begins to drain from the bottom of the tube. In this 
way it can be shown which soil has the greater power of holding 
moisture. Both samples should then be set away to dry. By 
weighing the samples each day it can be determined which soil 
has the greater power of retaining moisture. This experiment 
can be conducted not only with sand and humus, but with 
clay, loam, gravel and all other kinds of soil. 

Experiment No . 7. — A finely pulverized soil will hold more 
film-moisture than a cloddy soil. To illustrate the importance 
of texture as related to moisture, soil should be secured which 
is cloddy or lumpy. One tube should be filled as heretofore 
described (Exp. No. 6.) with the lumpy soil, and the othier tube 
with the fine soil which results from pulverizing the lumps, equal 
weights of soil being used in each case. From a graduated 
glass pour water upon each sample until the drainage begins from 
the bottom. Notice which soil possesses greater power of 
absorbing moisture. Put the samples away to dry, and by care- 
fully weighing each day it can be determined which soil dries 
out most readily. 

The prudent farmer will take measures to prevent the escape 
of this moisture into the air. All the film-moisture (on the soil 
particles) needs to be carefully conserved or saved, for the plants 
will need very large amounts of moisture before they mature, 
and they can draw their supply only from this film- moisture. 
We can again apply the lesson learned in the woods. 
The soil is there always moist ; the leaves form a cover or 
blanket which prevents the evaporation of moisture. Under- 
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Tieath an old plank or board, the soil will be found moist. If 
we can break the connection between the soil and the air we can 
check the escape of moisture. A layer of straw over the soil 
will serve to prevent the loss of moisture. But a whole field 
cannot be thus covered. It has been found that by keeping the 
surface soil loose, say about three inches of the top soil, it can 
be made to act as a blanket or covering for the soil underneath. 
While this top layer may become as dry as dust, yet it prevents 
the escape by evaporation of moisture from below. It is a 
matter of common observation that if tracks are made across a 
freshly cultivated field the soil will become darker where the 



30. — "Foot-prints on Ike sands 0/ time." 
tracks are (Fig. 30). This darker appearance of the soil in the 
foot-marks is due to the moisture which is there rising to the 
surface. The implement of tillage makes the soil loose and 
breaks the capillary connection between the lower layers of soil 
and the surface and the upward passage of the water is checked. 
Where the foot-print is, the soil has been pressed down again at 
the surface, the particles have been crowded closer together and 
capillarity is restored to the surface and the moisture is free to 
escape {Fig. 
31). Iu car- 
ingfor flower- 
beds, or even 
in growing 
plants in a pot 
in the school- 
room, It IS lm- 31, — A cross section through one 0/ the foot-prints. 
portant that 

the surface of the soil be kept loose and mellow. Far better is a 
garden rake in a flower garden than a watering pot. 

Experiment No. 8. — To show the importance of the surface 
mulch, fill several pots with a sandy loam soil, putting the same 
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weight of the same kind of soil into each pot. In one pot pack 
the soil firmly ; in another pot pack the soil firmly and then make 
the surface loose. These pots of soil may .then be put away todry, 
and by weighing each daily it can be readily determined what 
effects the various methods of treatment will have upon the 
moisture-holding power. 

Experiment No. p. — This experiment may be varied by cover- 
ing the soil in some of the pots with leaves or straw or 
paper, care being taken that the added weight of the foreign 
matter be properly accounted for. 

Soil Temperature. 

If a kernel of corn be placed in the ground in early spring 

before the soil has become warm, the seed will not germinate. 



33.— The tnoss-grown lama or grass plot. 

Abundance of moisture and oxygen may be present, but the 
third requisite for germination, proper temperature, is 
lacking. The soil is very slow to become warm in the spring, 
and this' is due to 'the large amount of water which must be 
evaporated. During the winter and spring the rain and melting 
snow have saturated the soil. The uuder-drainage is deficient 
and there is no way for the escape of the surplus water except 
by evaporation, and evaporation is a cooling process. A well 
drained soil is thus warmer. 

The atmosphere is much quicker to respond to changes in 
temperature than is the soil. In the spring the air is warm while 
the soil continues cold and the rains which fall during this time 
are warmed by passing through the warm air, and in sinking 
through the soil the water parts with some of its heat and the 
soil in made warmer. During mid-summer the soil becomes very 
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warm and it is not affected by cool nights, as is the atmosphere. 
Consequently a summer rain may be several degrees cooler than 
the soil, and in passing through the soil' tbe water takes up .some 
of the heat, and the soil conditions are made more favorable for 
plant growth. Therefore, soil temperature is regulated some- 
what by the rainfall. 

Experiment No. 10. — The color of a soil also affects its tempera- 
ture, a dark soil being warmer than a light colored soil. By 
having thermometers as a part of the school room equipment, 
interesting experiments can be conducted in determining the 
effect of color and moisture upon the temperature of soils. 

Air in the Soil. 

While that part of the plant which we can see is entirely sur- 
rounded by air, yet it is necessary that the soil be in such a con- 
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dition that it can be penetrated by the air. Indeed, growth 
cannot begin in a soil from which the air is excluded. 

Experiment No . 11. — To prove this, put clay soil in a pot, plant 
seeds and then wet the surface of the soil and puddle or pack the 
clay while wet and watch for the seeds to germinate and grow. 
At the same time put seeds in another pot filled with loose, mel- 
low, moist soil. 
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Frequently after the farmer has sown his grain there comes a 
heavy, beating rain, and the surface of the soil is so packed that 
the air is excluded and the seeds cannot germinate. If plants 
are grown in pots and the water is supplied at the top of the soil 
it may become so hard and compact as to. exclude the air and the 
plants will make a sickly growth. The surface soil must be 
kept loose that the air can penetrate. 

On many lawns it is noticed that the grass is not thriving. It 
has a sickly appearance and even the application of fertilizer 



34. — After the clover dies the soil is in better condition for their having lived. 

does not seem to remedy the conditions. Perhaps the ground 
has become so hard the air cannot penetrate and the grass is 
being smothered. If the surface of the soil can be loosened 
with a garden rake, and clover seed sown, much good may be 
accomplished. The clover is a tap-rooted plant, and sends its 
main root deep into the soil. 

After the death of the plant the root decays, the nitrogen 
which is stored up can be used as food by the other plants, and 
most useful of all, in such cases, the decay of the tap-root of the 
clover makes a passage deep into the soil and thus allows the air 
to enter. Consult Figs. 32-34. 



JUNIOR NATURALIST LEAFLET NO 4 

STEALING A RIDE. 

Part I. Sir Bur, Tramp and Traveler. 

BY MARGARET FURSMAN BOYNTON. 

" Chick-a-dee-dee-dee- dee-dee M sounded from the hedge. I 
caught the motion of the little feathered food-gatherers but 
could not see a a single black-capped head. 

" Chick-a-dee-dee-dee-dee-dee. Come and play with me-me- 
me-me-me. M With such an invitation how could I help going 
out into that brilliant, blue and golden mid- winter day ? Against 
the clearest of skies each tiny bud-tipped maple twig glowed 
ruddily. The mountain ash berries still hung in bright clusters, 
crowned with light pyramids of fluffy snow. The deserted 
nests in the orchard recalled the busy householders of the 
warmer, leafier seasons and a few withered apples offered scanty 
nourishment to solitary wayfarers. Under my feet the snow 
spread a creaking carpet, and all about me it afforded a back- 
ground of diamonds for the devious patterns of the shriveled 
weeds showing clear and fantastic against it. What a joyous 
day for the chick-a-dees and me ! 

Presently, attracted by the regiment of teasels there encamped, 
I turned aside into a small common, a vacant lot well within the 
borders of our small city, and I tramped it over rejoicing in the 
short skirt and leggins that permitted unhampered wading in the 
snow. There were many things to be seen in that little area. 
Bitter-sweet berries draped the fence. Ragged miniature 
umbrella skeletons recalled the filmy, white parasols of the wild 
carrot in its summer guise. "Devil's pitchforks " and 
bristling burdocks plucked at my skirt in passing, and a few 
hoary aster heads still lingered amid the star-tipped stems whence 
most of the feathered parachutes had flown. A kindly farmer 
caught me shaking the teasel heads and called cheerily ' ' I guess 
you've got a kind of a putterin* job there, ain't ye?" and 
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charitably took me into his bob-sleigh for the short half mile 
back lo my corner ; but he was not a nature-student and did 
not know what fun I had been having. Nor could he know that 
the handful of brown and withered stuff that formed the trophy 
of my half hour's trip would offer me a juicy cud to chew. 

Prominent in my winter bouquet were several sprigs of bur- 
dock with rigid stems and bristling burs (Fig. 35). If you, too, 

want to hear the story Sir Bur will tell under 
questioning you can probably find the material 
in plenty on the nearest waste land or in a 
fence corner, or by the roadside. 

You, as well as I, in all likelihood, made 
bur baskets and furniture, and even people 
richly garbed in green and purple, all your 
childhood days ; yet did you ever stop to think 
how the burs stick so pertinaciously ? Why 
they should ? And what they do for the plant? 
No, even the tormenting little boy from across 
the road who made use of their valuable prop- 
erties in ornamenting your long hair with 
bunches of burs probably could not have told 
you why they were so effective. 

Notice first, then, the numerous tiny hooks 
bristling in every direction (Fig. 36). 
How abrupt is the curve of each 
hook, how smooth and polished the 
3 5 . —Burs of the outer surface ! It will push readily be- 

Burdock. One- tween the finest and closest fibers. 
thirdnaturalsize. Hqw sharp fa ftc incurved ^^ , 

See, it has penetrated your skin, as you press the bur 
lightly between your fingers ! The slender shanks of 
the hooks yield readily to pressure only to gain more 
tenacious hold. In disentangling one you are caught by SoekSSt. 
five. The stems all stand stiff and rigid, holding 
the burs unyieldingly in your way and adding to the advantage 
of the flexible hooks. Your clothing brushes a bur ever so lightly, 
the fibres at the base break readily and away your bur travels ; 
and not singly usually, for note how the branches have so grown, 
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the lower ones lengthening, that the burs are practically clus- 
tered by twos and threes and fours, with hooks interlacing, and 
they go together. So, clinging with a score or two of little 
hands to the hair of some passing animal or the clothing of a 
human tramp, Sir Bur steals many a long ride, often relaxing his 
hold only by going to pieces. The tail of the old 
cow carries t1 

This then 

What good d< 

plant ? 

Tear a bur 

38-7*,*,,- the short twis 

dott aktHt. jsh-gray bodi 

zil nuts (Fig. 
38), that are 
—what? If 
you have not 
thought you 
will say seeds, 
for they look 
like seeds. 

But are a11 n-Burs stealing, nd,: 

seed-like bod- 
ies properly so called? Wheredo these little fellows come from ? 

If you have studied the flower in general, you will 
remember that its important parts in \jiew of its office of repro- 
duction are the stamens which produce the pollen and the pistil 
with its ovary or seed-case. Within the ovary grow the small 
bodies which develop into the seeds. Further, the ripened ovary 
with whatever parts may consolidate with it in development, and 
with the matured seeds contained, is called the fruit. That is to 
say, we name things in natural history not alone from appear- 
ance and function or office, but according to their origin and 
development. 

What then have we in the bur, seeds or fruits ? 

You would not think of calling a pea pod a seed would you ? 
You know if you stop to consider that each pea is a seed, and the 
pod with its peas is the fruit, because developed from the minia- 
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turepod in the blossom which was the ovary, and contained the 
ovules or young seeds. Similarly you easily distinguish morning- 
glory seeds from its fruits, the nasturtium seeds from the fruits. 
In all these cases and in hundreds of others the fruit is a pod and 
opens at maturity to let the seeds escape, but there are also hun- 
dreds of kinds of plants in which the ovary ripens with a single 
seed inside of it and does not open at maturity. In this case 
the fruit is usually but little larger than the contained seed and 
often looks like a seed itself. However that be, a single- 
seeded dry fruit that does not open at maturity is called an akene. 
Akenes are what we find in the bur. 

How do I know ? How can you tell in other cases ? Unfa- 
miliar akenes found away from the parent plant might not be so 
.asily detected, for the single seed within is not always readily 
found free from the ovary walls, but it can usually be identified 
by its relation to the plant. You remember that the seed is borne 
within the ovary. The pea pod and the morning glory and nas- 
turtium pods you know were closed up tight to the time of 
maturity. But this bur never was nor could have been closed, 
evidently. In all probability then it is not an ovary. What 
then? The purple color of our young bur was borne, we 
remember, at the top of each bur. These blossom tops, we 
can think out now, were masses of pinky-purple flowers, each 
bur containing many small flowers. The whole is called a 
compound flower. Each of the little brown wrinkled fruits 
within the bur is an akene, the fruit of a single flower. Perhaps 
we shall find crowning some of the akenes the withered remains 
of the flowers. The tiny blossom was one of several that grow 
inside the big bur ; and each little blossom makes, or tries to 
make, an akene. 

Of course the see4 within the akene germinates and produces 
a new plant just as any other seed does. Because of Sir Bur's 
adroitness at stealing rides, the new little burdock plant usually 
finds its chance at greater or less distances from its parent plant, 
and reaps much the same advantage as any pioneer. In favorable 
circumstances it finds freedom from the competition of its kind, 
that is, it does not have to struggle with its fellows for the same 
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food-stuffs, the same conditions of growth and health. It has 
room. 

Indeed, it is because of his traveling powers that Sir Bur is 
here at all, for his race originated in Europe. He was not in 
New England to greet the pilgrims, as they left Plymouth Rock, 
nor in the south to welcome the Virginian settlers. His earliest 
immigrant ancestors possibly came in the Mayflower, but more 
probably took stowaway passage some time later in the tail of 
some dog or sheep brought from across the sea. However he 
came, he is here, numerous and widespread as you know him, 
and he is still traveling, the veriest tramp of the roadside, steal- 
ing rides and pressing ever onward toward the west, following 
the trail of man and his domesticated animals. 

Part II. The Red Cow and the Maple Tree. 

BY JOHN W. SPENCER. 

The day was so warm as to suggest an oven. The rays of the 
sun came the most direct way — as a boy would make a bee-line 
cross-lots. A blue haze hung about the heavens, dimming the 
sun at midday and at sunrise and at sunset, making it look like 
an immense orange, and the heated air shimmered across the 
level pasture. It was one of those days that warps the slivers in 
the plank walk and makes prickly the path of the barefooted 
boy — a day when most boys want to go to the swimming hole at 
the bend of the creek under the leaning beech. 

On a gravelly knoll a sleek red cow stood in the dark, thick 
shade of a maple tree. A colony of persistent flies was clinging 
to her shouider and scattering ones flew about her ears, and 
others would have found a resting place on her hips and back 
but for the incessant switching of her tail. With all the per- 
sistent switching, the cow, with half closed eyes, chewed her 
cud with the regularity of the swinging of a pendulum. 

Said the Red Cow to the Maple Tree, "You have no troubles 
such as I have. See how I am pestered with flies every hour of 
the day. Flies do not trouble you. ' ' 

Said the Maple Tree to the Red Cow, lt It is fortunate they do 
not for I have no tail with which to switch them." 
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Said the Red Cow to the Maple Tree, " I am very thirsty and 
I shall not find a refreshing drink until, while on my way to the 
barn to be milked this evening, I shall wade through the brook." 
Said the Maple Tree to the Red Cow, "You complain because 
you have to walk for a drink of water. Is that not better than 
to long for it and be obliged to wait until it comes to yon from 
the clouds? All of us plant-fellows in this neighborhood need 
water badly, and some whose roots do not extend deep into the 
soil have sufferd unto death. It is for this reason that the grass 
has famished and you no longer find a nearby lunch as you found 
it earlier in the season. I would, indeed, consider it a privilege 
to travel all day, if I 
could then have a re- 
freshing drink. Butalas! 
when I made this spot 
my home, it was to be 
the only place I should 
ever live during all my 
life. Food is as difficult 
for me to obtain as water. 
In the earlier part of the 
season when rains were 
more plentiful, you found 
39.— The red cow. a daily lunch within a 

stone's throw of this 
spot ; but now when there is nothing here to your liking, you 
are able to wander to any part of the pasture in search of the 
best food. I must content myself with what I can find in this 
one spot. When a drouth comes, like the present one, and 
there is not enough moisture to satisfy my thirst, nor to float 
sufficient plant-food to my roots, I must endure a double suffering 
— thirst and hunger. In the cold weather you can seek the 
warm and sunny side of a straw stack, while I must stand out 
here on this bleak and unprotected knoll with the winds of win- 
ter whistling through my bending limbs." 

" I should not complain," continued the Maple Tree, "for 
Nature is kind to us all, and we can see her kindness if we look 
for it in the right way. She has provided blessings for us 
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all, but not of the same kind or in the same way. She has 
planned that plants never move their homes ; that where 
they make a start in life, there they must remain. She affords 
all plants great opportuni- 
uities,* however, for sending 
their chileren abroad in large - 
numbers and gives them 
means for traveling long dis- 
tances. In this way many 
are sure to find congenial 
places for a life of prosper- 
ity. I have no fear that 
maples will ever become ex- 
tinct. Some years I send 
out so many children that if 
one in every thousand be- 
comes a tree, my family will 
be a large one. 

"Do you see the big this- 
tle in yonder fence corner? 
The children are now ma- 
ture and ready to travel 

miles and miles in a balloon, 40—TAe maple tree. 

and will settle down into 

some quiet nook and become plants. The farmer, who calls them 
weeds, has been fighting them for a life time ; but, although he 
is able to keep them from making serious encroachments upon 
his crops, the thistle will always be with him. It is abundantly 
able to take care of itself. Were it not for the sharp needles on 
the leaf, a red cow might have swallowed them long ago. 

" See those dark clouds forming in the west — wool sacks they 
are called. Hark ! Did I hear thunder ? If a red cow fears 
being struck by lightning, she had better hasten to the bars at 
the end of the pasture and call to be put into the barn. I hope 
we shall have a shower. If even some crumbs from it should 
fall this way, it would be a comfort to me." 



NOTES FOR JUNIOR NATURALISTS. 






3ULB GARDEN, 
in the earth to-day." 
»nlb to his brother ; 
that I felt a sunbeam ray— 
and grow till we find the way! " 
;d close to each other, 
iggled and toiled by day and 

nowdropsin green and white, 
darkness and into the light, 
done another. — Boston Journal. 



Pakt I. A Talk by Uncle John. 

BY JOHN W. SPENCER. 

To succeed with the cultivation of flowers, the first thing to 
have in mind is to make the plant comfortable. This condition 
should be not only the first thought, but also the last thought. 
If you Can do this successfully, the plant will do the rest of 
the work and your results will be abundant. 

What plant comfort is, is a question more easily suggested 
than answered, for it is a very large subject — about as large 



6 9 

as the surface of the earth. As a guess we will say that there 
are as many different kinds of plants as there are people. It 
is at least safe to say that plants have as many different notions 
as to their conditions of life as have the people of the different 
nations and tribes of the world. 

If you were to have a birthday party and should invite as 
your guests the children from the four corners of the earth, and 
by magic could bring them lo 

youina jiffy, the boys and girls 

from Greenland would come en- 

folded in seal skin, and those 

from Hawaii would bring 

only their bath- , ing suits. You 

would have a busy time keep- 

ing them com- fortable, for 

when you open- ed the door to 

cool off the little Green landers, 

the little Kana- kas would com- 

plain of too much draft ; and 

at table the for- mer would ask 

if you happened to have some 

tallow candles for dessert, and 

the latter would ask for bread- 

fruit and bana- nas. 

Many of our flowering plants 

have been brought togeth- 

er from such remote quarters as that. We have bulbs from 
Holland, and pansies from England, and phlox from the dry 
atmosphere of Texas. 

There is as much difference in the conditions necessary for 
comfort in these different plants as there is in the requirements 
of the little Eskimos and little Polynesians. To some extent, 
plants can change their manner of living, but in the main they 
are happiest when they can have their own way, just as you 
and I are. 

We cannot bring about the foggy, damp weather of Holland 
and England when we want it, neither can we bring the dry 
atmosphere of Texas— air so dry tbat meat will cure hard in 
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the hottest weather without tainting. It so happens, however, 
that from one Fourth of July to the next we have many kinds 
of weather, and if one could not find conditions suited to almost 
any kind of plant it would be strange. If we cannot make the 
weather accommodate itself to the best comfort of the plant, we 
must set the plant so as to accommodate itself to the weather. 

Pansies from foggy England and bulbs from the lowlands of 
Holland should be planted to bloom in the cool days of spring, 
and the phlox from Texas will be quite happy in the heat and 
drought of July and August. 

With this idea well fixed in your mind, you will easily see 
that when you know the country from which a plant has come, 
a knowledge of the physical geography of that country will be 
helpful in knowing how to make the plant happy and prosperous. 

We must also make the plant comfortable in the soil. There 
is great difference in what plants require to make them com- 
fortable. Some, like thistles or mullein or ragweed, will thrive 
on almost any soil and are no more exacting as to food than a 
goat or a mule ; but other plants are as notional as children reared 
in the lap of luxury. 

As a rule, flowering plants belong to the * * lap-of- luxury ' ' class. 
Elsewhere in this number you are told how nature has developed 
soil. I hope you will read the article carefully, for there you 
will understand that all earth is not soil. Soil covers the land 
as thin skin covers an apple or as you would spread a thin coat of 
butter over bread, and it holds more or less plant-food. 

When men erect school buildings and afterwards grade the 
ground they usually turn a part of the soil upside down. There 
is also considerable rubbish of the builders left scattered about, 
such as brick-bats, chips of stone, and the like, that go to 
make the place an uncomfortable one for notional plants. For 
this reason I wish particularly to call your attention to the man- 
ner in which you should prepare the ground on which you intend 
to plant. The first thing to do is to spade the soil very thor- 
oughly to the depth of at least ten inches. All stones as large 
a big boy's fist should be thrown out, and all lumps given a bat 
with the back of the spade to make all the particles fine. This 
is to be a flower bed and should be soft like your own bed. It 



would be better to make it up more than once. After the first 
spading it would be well to cover the bed with a coat of stable 
fertilizer to a depth of six to eight inches, which will give addi- 
tional plant-food ; and in spading the second time, this fertilizer 
will become thoroughly mixed with the soil. The surface should 
next be raked smooth, and your flower bed will then be ready 
for planting. 

We all admire the bright bulb flowers that are among the first 
to blossom in the spring. These mostly come from Holland, or 
at least attain their perfection there. We have just spoken of 
the importance of planting flowers at such a time that they may 
live their career when our climate is most like that from which 
they come. In the case of bulbs, spring and early summer is 
the most favorable time for them in this country, and fall is the 
proper time for planting. 

The exact time in the fall to plant, how to plant, what bulbs 
to plant, when to put a winter overcoat on the bed, and other 
details, we will leave for Mr. Hunn to tell. He has had many 
years' experience in the management of flowers, and we advise 
you to read carefully what he says. 



Part II. A Talk by the Gardener. 

BY C. E. HUNN. 

Your Uncle John has told you something about preparing a 
bed for your plants. His advice is very good ; but the bulbs 
we are to talk about are like those notional children whom he 
mentions and they do not want tallow candles for any part of 
their meal. 

What I mean is that bulbs do not want to come in direct con- 
tact with the stable fertilizer, but they want it down below them 
where the feeding roots that grow out of the bulb may nibble at 
it when the bulb is hard at work developing the leaves aud 
flower. You know that all the leaves and the flowers were made 
the year before, and the bulb simply holds them until the new 
roots have formed. No kind of treatment will make a bulb pro- 
duce more flowers than were formed in the year it grew (last 
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year); but the better the treatment, the larger and finer the 
flowers will be. 

If I wanted to make a bulb bed, I should choose, if possible, a 
sandy soil and throw out the top soil to the depth of six inches. 
Then I should put into the bottom of the bed about two inches 
of well rotted manure and spade it into the soil. Then I should 
throw back half of the top soil, level it off nicely, set the bulbs 
firmly on this bed and then cover them with the balance of the 
soil ; in this way you will have the bulbs from three to four 
inches below the surface. It is dark down there and in the fall 
months the top of the ground is cooler than at the depth of five 
or six inches and the top of the bulb will not want to grow, while 
the bottom which is always in a hurry will send out roots, to 
push out the leaves and flowers the next spring. 

When the weather is cold enough to freeze a hard crust on the 
soil, the bed should have its winter overcoat. This may be 
straw, hay, cornstalks or leaves spread over the bed to the 
depth of six inches if the material is coarse; but if you use leaves, 
three inches will be enough, because the leaves lie close together 
and may smother out the frost that is in the ground and let the 
bulbs start. What we want is to keep them asleep until spring, 
because if they start too early the hard freezes of March and early 
April will spoil their beauty if the leaves or flowers are near or 
above the surface. Early in April the covering may be removed 
gradually and should all be off the beds before the leaves show 
above the ground. 

Perhaps many of you cannot find a sandy place for your beds ; 
if not, make your beds as has been told you, leaving the stones 
in the bottom of the bed for drainage. Then, when you are 
ready to set the bulb place a large handful of sand where your 
bulb is to go and set your bulb on it ; this will keep the water 
from standing around the bulb. Very fine results may be had 
on heavy soil by this method. 

What kind of bulbs shall we put into these beds? Select 
hyacinths, tulips, narcissus or daffodils, with snowdrops or 
crocuses of various colors around the edge. 

If you use hyacinths you can have the national colors, red, 
white and blue, or many shades of either color, as shown in the 
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diagrams (Figs. 42). Of tulips you can have stars or ribbons of 
yellow, white or crimson, or in fact almost any color except 
true blue. In narcissus, yellow, sulfur and white are the 
colors. The little crocuses come in yellow, blue, white and 
striped colors, and are in bloom and gone before the large flowers 
take your attention. Many other bulbs are fine for spring 
flowering but as most of them are more difficult to grow and 



42.— Simply designs for bulb beds. 

many of them rather expensive, I do not think we will-discuss 
them now. 

Suppose we want a bed of red, white and blue hyacinths 
(Figs. 43), and make It six feet in diameter. How many bulbs 
would you want ? Now, hyacinths should be planted six inches 
apart each way, and the outside row should be at least three 
inches from the edge of the bed. You see you will want a little 
over one hundred bulbs, which if one person had to buy 
would cost him or her quite a little ; but if fifty or more boys 
and girls would club together it would be easy for everyone, 
especially if, after making out a list of all the bulbs you want, 
you were to write to one of the dealers in bulbs telling him 
what you want, and how you except to enjoy the flowers, ask- 
ing him to let you have them as cheaply as possible. You will 
find that he will be glad you are interested in bulb growing, 
and be surprised how cheaply he will let you have them. 

It you want a bed of tulips, they should be planted four or 
five inches apart instead of six inches, so you will need more 
bulbs ; but they are cheaper than hyacinths. The narcissus 
bulbs being still smaller than tulips, may be planted three inches 
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apart ; and the little crocuses, the first flower of spring, should 
touch one another, as should also the snowdrops. 

Perhaps many of you do not wish to wait until spring for your 
bulbs to flower, in which case we must try to persuade them to 
bloom through the winter, say at Christmas. Nearly all bulbs 
are good natured and may be coaxed to do things that nature 
never asks them to do ; so if we go at it right we will find it 
very easy to make them think their time to bloom has come, 
even if the ground is covered with snow and the ice is thick on 
the ponds. Hyacinths, narcissus and crocus all can be made to 
flower in the winter by starting this way. Get the bulbs so as to 
be able to pot them by the middle or last of October, or if earlier 
all the better. The soil should be rich, sandy loam if possible ; if 
not, the best you can get, to which add about one-fourth the 
bulk of sand and mix thoroughly. If ordinary flower pots are 
to be used, put in the bottom a few pieces of broken pots, char- 
coal or small stones for drainage, then fill the pot with dirt so 
that when the bulbs are set on the dirt the top of the bulb is 
even with the rim of the pot. Fill around it with soil, leaving 
just the tip of the bulb showing above the dirt. If the soil is 
heavy a good plan is to sprinkle a small handful of sand under 
the bulb to carry off the water the same as is done in the beds 
outdoors. If you do not have pots you may use boxes. Starch 
boxes are a good size to use as they are not heavy to handle, 
and I have seen excellent flowers on bulbs planted in old 
tomato cans. If boxes or cans are used, care must be taken to 
have holes in the bottoms to let the water run out. A large 
size hyacinth bulb will do well in a five-inch pot. The same 
size pot will do for three or four narcissuses or eight to twelve 
crocuses. 

After the bulbs are planted in the pots or other receptacles, 
they should be placed in a cool place, either in a cold pit or cel- 
lar or on the shady side of a building or, better yet, plunged or 
buried up to the rim of the pot in a shady border. This is done 
to force the roots to grow while the top stands still ; as only the 
bulbs with good roots will give good flowers. When the weather 
gets cold enough so a crust is frozen on the soil, the pots should 
be covered with a little straw, and as the weather gets colder 
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more straw must be used. In from six to eight weeks after 

planting the bulbs, they should have made roots enough to grow 

the plant, and they may be taken up a«4»pkced in a cool room 

foraweekorso.afterwhich, if they have started into growth, they 

may be taken into a warmer room where they can have plenty 

of light. They wilt grow very rapidly now and will want lots 

of water, and after the flowers begin to show, the pots may 

stand in a saucer of water all the time. When just coming into 

bloom the plants may have full 

sunlight part of the time to help 

bring out thecolorof the Sowers. 

t Fig. 43 shows a pot of tulips. 

I want to tell you of two bulbs 

that do not need so much 

fussing to get them to bloom 

for Christmas. One of them is 

called freesia (Fig. 44) and if I 

could have but one kind of bulb 

to flower in the winter, I would 

choose this. The little bulbs are 

not half as large as crocus bulbs 

and you will be astonished at the 

large leaves and flowers such a 

bulb can produce. The bulbs are 

about the cheapest of all winter 

bulbs and they grow without 

putting them away to make roots, as the tops do not seem as 

impatient to start as most other bulbs, but wait until there are 

plenty of roots to help them along. The flowers are borne on a 

slender stem and look very graceful, either on the plant 

or in bouquets. They are also very fragrant and a pot with 

five or six bulbs will perfume a large room. All they need 

is good light soil, sunlight, water and warmth to make glad 

the heart of anyone who plants them. 

The other bulb I would select is the Oriental narcissus or 
Chinese Sacred lily. This grows in water without any soil 
whatever. Just take a bowl or glass dish about three times the 
size of the bulb; put some pretty stones in the bottom ; set in 
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the bulb and build up around it with stones so as to hold it stiff 
when the leaves have grown ; tuck two or three small pieces of 
charcoal among the stones to keep the water sweet, then fill tip 
the dish with water and add a little every few days, as it evapo- 
rates. Set the 
dish i n a 
warm, light 
place. In 
abont six 
weeks the fra- 
grant, fine 
white flowers 
will fill the 
room with 
perfume and 
you will have 
had the pleas- 
ure of watch- 
ing the roots 
start and grow, 
the top throw 
up long . green 
leaves and the  
flower spikes 
develop and 
open their 
flowers. Hya- 
cinths may al- 
so be grown in 
water, but not 
a s easily a s 
this narcissus, 

or in such .. nj./-.,/,.,,,. 

inexpensive 
dishes. 

The picture (Fig. 45) of a bulb box was taken last winter from 
a box of mixed bulbs grown at Cornell. The calla in the center 
and the Kenilworth ivy trailing over the front of the box were 
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planted in the box in September, and pots of geraniums and other 
plants set on the dirt to fill the space. When the bulbs that were 
in pots were ready to be started they were taken out of the pots 
and set in the dirt in the box where they grew and flowered ; the 



45 — Winter box of bulbs, 

tall stems are Paper White narcissus, the last variety for winter. 
On each side there is a hyacinth just starting and in front a 
little freesia in bloom. When these bulbs were done flowering, 
small pots of blooming plants were set on the box and a charm- 
ing window box was had with many different things in it through 
the winter. 
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CLUB NOTES. 



We must have a yell for the Junior Naturalist Clubs. What 
shall it be ? We shall be very glad if each of you send us 
something for that purpose, and we will make a selection. Let 
it be something the girls can yell as well as the boys. 






The new school year brings a change of teachers to our Junior 
Naturalist Clubs of last spring. Our plan is to have clubs that 
organized last spring retain their charters and reorganize under 
the new teacher. Some of the former members may drop out, 
but we hope new members will take their places. 



*. 

* * 



Our club buttons are now ready for distribution and will be 
sent to each of our old members as soon as their clubs reorganize 
under their new teachers, and to members of our new clubs as 
soon as they show an interest by paying the fortnightly dues. 



 * 



Whenever your Uncle meets in public a boy or girl wearing a 
Junior Naturalist Club button, he will speak to the wearer with- 
out any formality ; and he thinks it a good plan if members will 
do the same thing. Let us feel that we belong to the same 
fraternity and all have the same interest in nature, and we will 
be friends to each other. He wishes to encourage a feelijjg ol 
friendship among members of different clubs. When conven- 
ient, it will bring good results for one club to visit another, and 
the host club can show the guest club what it is doing in the 
study of nature. 






Your Uncle is always glad to receive your photographs either 
in groups or singly. He has a number on hand now and will 
welcome more. Next to meeting you boys and girls is the 
sight of your shadows, for that is what a photograph means. 






Your Uncle wishes to speak to you about the letters he receives 
from his friends, the Junior Naturalists. At one time last spring 
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the number was about two hundred each day. Every one of 
these was read. The ones written as payment of club dues were 
sorted out and given to a department where the letters, after a 
close reading, were passed to the credit of the writer. Those 
of a personal nature or asking information concerning some 
nature-study topic were handed to your Uncle for his perusal, 
and for him to answer, so far as he could. Do not think that any 
of your letters are thrown away without being read. 

Your Uncle is anxious that each of you boys and girls shall 
receive his personal attention. With such a large number of let- 
ters you must be thoughtful and helpful, and he asks you to send 
your letters and drawings, that go as dues, in one envelope under 
the direction of the secretary of your club, and be addressed 
Bureau of Nature-Study, Cornell University, Ithaca, 
N. Y. He hopes that you will feel like writing him freely, and 
in your natural way, all about your difficulties in your investi- 
gations as naturalists, and he wishes you to tell him of some of 
the bright things that come into your lives, and some of the 
shadows, too, if there are any such. All such should be addressed 
to Jno. W. Spencer, Deputy Chief, Bureau of Nature- 
Study, Cornell University, Ithaca, N. Y. 



HOME NATURE-STUDY COURSE. 

BY MARY ROGERS MIIXER. 

This work is to be continued through the year and new 
students # are welcome at any time. It is designed for teachers 
and others who have had little opportunity to study nature, yet 
wish to prepare themselves to teach children to know nature. 

For the present the material for the Home Nature-study course 
will consist of various publications of the Nature-study Bureau 
and Farmers's Reading-Course, together with the quiz. If the 
work is taken up with enthusiasm and the quizzes are returned 
regularly, it is probable that special Home Nature-study publi- 
cations will be issued. When the interest warrants a separate 
series of publications for use in this department, they will be 
forthcoming. 

Just a word with you about the Home Nature-study. It is 
not primarily a reading course. The pamphlets sent you are full 
of suggestions for you to follow, experiments for you to per- 
form, work for you to do. Unless you actually do these things, 
you fail to make the experiences your own, you take statements 
on authority, and miss the point of the whole course. Reading 
what others have observed about nature, lacks the freshness and 
freedom of original investigation. Without the element of dis- 
covery and personal contact, nature-study deteriorates into 
lesson-getting. Seeing nature with other peopled eyes, reading 
their thoughts about her ways, is most delightful, after one has 
seen and thought for one's self. 

For example, scientists tell us that a certain brown and black 
butterfly with a long name migrates southward to spend the. 
winter. We read the words, and straightway forget the fact. 
" What if it does/' we say. But let us some day in fall, see the 
air and the trees full of red butterflies fluttering so bravely yet 
so silently, thousands and thousands winging their way toward 
the sunny southland, and we care. When we see, straggling 
back again in spring the survivors of these hordes, their wings 
all rags and tatters, their beauty gone with their youth, again 
we are impressed. We marvel at their instinct and their forti- 
tude. There is a wide difference between knowing a thing and 
hearing about it ! 

It is expected that students in this course will see nature from 
a new point of view, and study with a new spirit. 

Every question in the quiz will be for the purpose of bringing 
out some facts in the student's own experience. Reports should 
be sent in within eight weeks after the receipt of the lesson. 

Wesson No. 3 will be on "The Soil/' and will be sent to all 
applicants. Suggestions and questions are always welcome. 
L. H. Bailey, Chief, 
John W. Spencer, Deputy Chief, 

Of Bureau of Nature- Study and Farmer'' s Reading -Course. 
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TEACHER'S LEAFLET NO. 16. 



CUTTINQS AND CUTTINQS. 




BY L. H. BAILEY. 

PERHAPS no subject connected with the grow- 
ing of plants awakens so much popular 
wonder and inquiry as their propagation by 
means of cuttings and grafts. We assume 
that propagation by means of seeds is the 
natural way, and therefore do not wonder, 
notwithstanding that it is wonderful. We 
assume that propagation by cuttings is wholly 
unnatural, and therefore never cease to won- 
der, notwithstanding that is less wonderful than the other. To 
common minds, common things are not wonderful. Mere com- 
monplace familiarity takes away the charm, for such minds 
have no desire of inquiry. The well trained mind goes beneath 
the surface, and wonders at everything ; and this wonder, grown 
old and wise, is the spirit of science. 

A plant does not have a definite number of parts, as an animal 
does. It may have ten branches or fifty. Each of these 
branches may do what every other branch does, — produce leaves, 
flowers, fruits, seeds. It is not so with the higher animals, for 
in them each part may do something which some other part can- 
not do : if the part is a leg, it runs ; if an ear, it hears. Each 
part serves the whole animal ; and it cannot reproduce the ani- 
mal. But in the plant, each branch lives for itself ; it grows on 
the parent stock : or, if it is removed, it may grow in the soil. 
And if it grow in the soil, it is relieved of competition with other 
branches and grows bigger : it makes what we call a plant. 

Having thus bewildered my reader, I may say that a bit of a 
plant stuck into the ground stands a chance of growing ; and 
this bit is a cutting. Plants have preferences, however, as 
to the kind of a bit which shall be used, but there is no way of 
telling what this preference is except by trying. In some 
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instances this preference has not been discovered, and we say that 
the plant cannot be propagated by cuttings. Most plants prefer 
that the cutting be made of the soft or growing wood, of which 

the " slips' ' of geraniums and 
coleus are examples. Others grow 
equally well from cuttings of the 
hard or mature wood, as currants 
and grapes ; and in some instances 
this mature wood may be of roots, 
as in the blackberry. Somewhat 
different principles underlie the 
handling of these two kinds of cut- 
tings ; and these principles we may 
now consider. We shall find it 
excellent practice to set the pupils 
to making cuttings now and then. 
If we can do nothing more, we can 

&.— Geranium cutting. One-half make cuttings of potatoes, as the 

farmer does ; and we can plant them 
in a box in the window. 




natural size. 



Thb Softwood Cutting. 

The softwood cutting is made from tissue 
which is still growing, or at least from that 
which is not dormant. It must not be allowed 
to wilt. Therefore, it must be protected from 
direct sunlight and dry air until it is well 
established ; and if it has many leaves, some 
of them should be removed or at least cut in 
two in order to reduce the evaporating sur- 
face. Keep the soil uniformly moist ; and 
avoid soils which contain much decaying 
organic matter, for these soils are breeding 
places of fungi which attack the soft cutting 
and cause it to " damp off." 

For most plants, the proper age or maturity of wood for the 
making of cuttings may be determined by giving the twig a 
quick bend : if it snaps and hangs by the bark, it is in proper 




47. — Carnation cut- 
ting. Natural size. 
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condition ; if it bends without breaking it is too young and soft 
or too old ; if it splinters, it is too old and woody. 

The tips of strong upright shoots usually make the best cut- 
tings. Preferably each cut- 
ting should have a joint or 
node near its base ; and if 
the internodes are short, it 
may comprise two or three 
joints. Allow one to three 
leaves to remain at the top. 
If these leaves are large, 
cut them in two. 

Insert the cutting half 
or more its length in clean 
sand or gravel. Press the 
earth firmly about 
Throw a newspaper o 
the bed to exclude the 
light — if the sun strikes it — and to prevent too rapid evapora- 
tion. See that the soil is moist clear through, not on top only. 




48. — Rose cutting. 



49, —Cutting-bed, showing carnations and n 



Mason's sand is good earth in which to start cuttings. Or 
fine gravel — sifted of most of its earthy matter — may be used. 
If the cuttings are to be grown in a window, put three or four 
inches of the earth in a shallow box or a pan. A soap box cut 
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in two lengthwise, so that it makes a box four or five inches 
deep — like a gardener's flat — is excellent. 

If the box does not receive direct sunlight, it may be covered 
with a pane of glass to prevent evaporation ; and then the chil- 
dren may see the plants more readily. But take care that the 
air is not kept too close, else the damping -off fungi may attack 
thecuttings and they will rot at the surface of the ground. See 
that the pane is raised a little at one end to afford ventilator* ; 
and if water collects in drops on the under side of the glass, 
remove the pane for a time. Cuttings of common plants, as 
geranium,coleus, fuchsia, car- 
nations, should be kept in a 
living-room temperature. 

The pictures are better than 
words. The line across them 
shows where the soil comes, 
There are softwood cuttings 
of geranium (Fig. 46), car- 
nation (Fig. 47), and rose (Fig. 
48) ; and there is a garden- 
er's cutting-bed (Fig. 49) with 
cuttings of carnations and 
roses. 

Be patient. As long as the 
cuttings look bright and green, they are safe. It may be a 
month before roots form. When roots have formed, the plants 
will begin to make new leaves at the tip. Then they may be 
transplanted into other boxes or into pots. The verbena in 
Fig. 50 is just ready for transplanting. Ea.ch child will want a 
plant. 

It is not always easy to find growing shoots from which to 
make the cuttings. The best practice is to cut back some old 
plant severely, then keep it warm and well watered, and thereby 
force it to throw ont new shoots. The old geranium plant from 
the window garden, or the one taken up from the lawn bed, may 
be served this way. See Fig. 51. This may seem hard treat- 
ment, but that is all the old plant is good for ; it has passed its 
usefulness for bloom. The best plants of geranium and coleus 
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and many window plants)are those which are not more than one 
year old. The cuttings which are made in January, February, 
or March, will give compact blooming plants for the next win- 
ter ; and thereafter new ones take their place. 

Some plants may be propagated by means of cuttings of leaves. 
The Rex begonias or ' ' beefsteak geraniums ' ' are the commonest 
examples. The large, nearly mature leaf is divided into trian- 
gular pieces, each piece containing at its point a bit of the leaf- 
base (top of the leaf-stalk). This kind of cutting is shown 
in Fig. 52. This base is some- 
times split (as at o) by garden- 
ers to hasten the formation of 
roots. Only the tip of the cut- 
ting is stuck into the sand; other- 
wise it is treated like other 
softwood cuttings. 



The Hardwood Cdtting. 

Many plants grow readily 
from cuttings of ripe or dormant 
wood. The willows cast their 
branchlets in snow and wind, and 
these, falling in pleasant places, 
propagate their kind ; and thus 
the river sides and thelake shores , 
become willow-crowned. 

-, , . which cuttings can oe mane. 

Grapes , curran t s , gooseberries , 
poplars, readily take root from 

the hard wood. Fig. 53 shows a currant cutting. It has only 
one bud above the ground. 

Best results are attained when the cuttings are made in the 
fall, and then buried until spring in sand in the cellar. They 
are not idle while they rest. The lower end calluses or heals, 
and the roots form more readily when the cutting is planted in 
the spring. But if the children are interested, take cuttings at 
any time in winter, plant them in a deep box in the window, and 
watch. They will need no shading or special care. 



When plants of any variety are scarce, the cuttings may be 

shorter. Sometimes they are reduced to a single "eye" or bud, 

. with an inch or two of wood 

attached ; and these single-eye 

| cuttings are planted much as 

one plants seeds. 

Thb Graft. 
If the cutting were planted in 
a plant rather than in the soil, 
we should have a 
graft ; and the 
graft might grow. .. 
In this case, the 
^.-Begonia leaf cutting. Natural cutting would not 
size. make roots, but it 

would grow fast 
to the other plant, and the twain would become 
one. When the cutting is inserted in a plant, it 
is no longer called a outting, but a cion ; and the 
 plant in which it is inserted is called the stock. 
The completed thing — cion growing in the stock 
— is a graft. 

Plants are particular as to their companions, 
when it comes to such close relationships as these. 
They choose the stocks upon which they will 
grow ; but we can find out what their choice is 
only by making the experiment. There are queer 
things about it. The pear grows well on the 
quince, but the quince does not grow so well on the 
pear. The pear grows on some of the hawthorns, '"w o»t : ihiti 
but it is an unwilling subject on theapple. Tomato 
plants will grow on potato plants and potato plants on tomato 
plants. When the potato is the root, both tomatoes and potatoes 
may be produced ; when the tomato is the root, neither potatoes 
nor tomatoes will be produced. Chestnuts will grow on some 
kinds of oaks. 
Why do we graft ? Think a bit. If I sow seeds of a Baldwin 
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apple, I will probably have as many kinds of apples as I have 
trees. Some of these apples may be like the Baldwin, and they 
may not. That is, apple seeds do not reproduce the particular 
variety. They will not be held to any stricter account than 
merely to produce apples ; these apples may range all the way 
from toothsome kinds to Ben Davis. The nurseryman 
knows this, and he does not wait for the trees to bear in 
the hope that they will produce something to his liking. 
So he grafts them when they still are young, — takes a cion 
from the kind which he wishes to perpetuate. So it hap- 
pens that all the Baldwins and Kings 
and Russets, and all other named varie- 
ties, are growing on alien roots ; and 
what kinds of fruits these stocks would 
have produced, no one will ever know, 
because their heads were cut off in 
their youth and heads were put on to 
order. In this way apples and pears 
and plums and peaches and cherries 
and apricots are propagated, for they 
will not grow readily from cuttings. 
But raspberries and blackberries and 
gooseberries and currants and grapes M ciefi- 
grow willingly from cuttings, and One -half 

natural 

they are not grafted by the nursery- «>«. 
man. 

The forming, growing tissue of the trunk 
is the cambium, lying on the outside of the 
woody cylinder, beneath the bark. In order 
that union may take place, the cambium of 

cc —Clefl-eraft One- t ^ ie c * on an( * ^ e stoc ^ must come together. 
half natural size. Therefore, the cion is set in the side of the 

stock. I once knew a man who believed that 
everything was designed for some useful purpose. The hole in the 
pith bothered him, until he discovered that a cion just filled it. 
He grafted his trees accordingly ; but the experiment was pro- 
ductive of nothing except pithy remarks. 
There are many ways of shaping the cion and of preparing 
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the stock to receive it. These ways are dictated largely by the 

relative sizes of cion and stock, although many of them are 

matters of mere personal preference. The underlying principles 

are two : see that there is close contact between the cambiums 

of cion and stock ; cover the wounded surfaces 

to prevent evaporation and to protect the 

parts from disease. 

On large stocks the common form of graft- 
ing is the cleft-graft. The stock is cut off 
and split ; and in one or both sides a wedge- 
shaped cion is firmly inserted. Fig. 54 shows 
the cion ; Fig. 55 the cions set in the stock ; 
Fig. 56 the stock waxed. It will be seen 
that the lower bud — that lying in the wedge 
— is covered by the wax ; but being nearest 
the food supply and least exposed to weather, 
it is the most likely to grow : it pushes 
through the wax. 

The wax is made of beeswax, resin and 
tallow. The hands are greased, and the wax 
is then worked until it is soft enough to spread. 
For the little graftingwhich any 
school would do, it is better to 
buy the wax of a seedsman. 
However, grafting is hardly to 
&-Thegrafl waxed. ^ recommended as a general 

school diversion, as the making of cuttings is ; and 
this account of it is inserted chiefly to satisfy the 
general curiosity on the subject. But we hope that 
now and then a youngster will make the effort for 
himself, for nothing is more exciting than to make 
a graft grow all by one's self. 

Cleft -grafting is done in spring, as growth begins. budding. 
The cions are cut previously, when perfectly dor- One-half nat- 
mant, and from the tree which it is desired to prop- 
agate. The cions are kept in sand or moss in the cellar. Limbs 
of various sizes may be cleft-grafted, — from one-half inch up to 
four inches in diameter ; but a diameter of one inch is the most 
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convenient size. All the leading or main branches of a tree top 
may be grafted. If the remaining partsof the top are gradually 
cut away and the ciona grow well, the entire top will be changed 
over to the new variety in three or four years. Bach cion may 
be a different variety ; but there is no difference in the opera- 
tion or the treatment of the tree. 

On young or small stocks, like nursery trees, the 
cleft-graft is not practicable, and a different form of 
grafting is employed ; but the teacher will not care to 
be confused with further details, 

We have seen that a cutting may be reduced to a 
single bud; so may a cion. If the bud-cion has 
very little or no wood attached, and is inserted under- 
neath the bark, the operation is known as budding. 
Thecommonestform of budding is shown in Figs. 57, 
58, 59. This is the method known as shield-budding, 
because the bud, with its attached bark, is shield-shape ^^'■JjJ ^jjj 
(Fig. 57). A T-shape incision is made in the stock, 
and under the bark the bud is inserted (Fig. 58) ; then 
the wound is tightly bound with soft cord or bast. 

Budding may be performed whenever the bark will 
" slip" and when well grown buds can be secured. 
— that is, either in spring or late summer. It is 
usually performed at the latter season ; and then 
the bud does not throw out a shoot the same sea- 
son, but merely grows fast to the stock. The next 
spring it throws out a shoot and makes a trunk ; 
and in the meantime the stock has been cut off 
just above the bud. That is, the bud-shoot takes 
the place of the top of the stock. 
x.—Tkebudtied Shield- budding is performed only on small and 
young stocks. It is usually exclusively employed 
in the propagtion of stone fruits, as cherries, peaches, plums, 
apricots, for experience has proved that it is preferable to other 
forms of grafting. It may also be employed for other fruit trees. 
How is a peach tree made ? In 1 898, a pit or seed is saved. 
In the spring of 1899, it is planted. The young tree comes up 
quickly. In August 1899, the little stock has one bud — of 
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the desired variety — inserted near the ground. In the spring 
of 1900, the stock is severed just above the bud : the bud throws 
out a shoot which grows to a height of four or six feet ; and in 
the fall of 1900 the tree is sold. It is known as a year-old tree ; 
but the root is two years old. 

How is an apple tree made? The seed is saved in 1898, 
planted in 1899. The seedlings do not grow so rapidly as those 
of the peach. At the end of 1899, they are taken up and sorted ; 
and in the spring of 1900 they are planted. In July or August, 
1900, they are budded. In the spring of 1901 the stock is cut 
off above the bud ; and the bud-shoot grows three or four feet. 
In 1902, the shoot branches, or the top begins to form ; and in 
the fall of 1902, the tree may be sold as a two-year-old, although 
most persons prefer to buy it in 1903 as a three-year-old. In 
some parts of the country, particularly in the west, the little 
seedling is grafted in the winter of 1899-1900, in a grafting- 
room ; and the young grafts are set in the nursery row in the 
spring of 1900, to complete their growth. 

I have now given my reader an elementary lesson in horti- 
culture ; but I shall consider it of little avail if it is not trans- 
formed into practice for the children. February is the 
gardener's time for the starting of his cutting-beds, in which to 
grow plants for the summer bloom. Ask the children to bring 
the old geraniums and fuchsias and coleus, and other favorites. 
Keep them in a warm window ; cut them back ; see that they 
are well watered ; then take the cuttings when the time comes. 
The children will be interested to watch the fortunes of the 
different cuttings. They will be interested in Vergil's couplet, 
as set to rhyme in old English : 

Some need no root, nor doth the Gardner doubt, 
That Sprigs, though headlong set, will timely sprout. 




NOTES. 

HE project of organizing the children of the 
state into nature-study bands or clubs is meet- 
ing with unexpected success. The Junior 
Naturalist Club is organized, in the language 
of its charter, that " every member thereof 
shall love the country better and be content to live therein. ' ' The 
Cornell Nature-Study movement has for its purpose the awakening 
of a love for natural and native things. It stands for naturalness 
and freedom. It would deepen every life which it touches, by giv- 
ing it fuller sympathy with everything that is and by enriching its 
experience. It does not attempt to teach elementary science, 
nor primarily to popularize knowledge ; and herein it differs from 
other nature-study movements. It is not seeking to make 
investigators of the coming generation, to the end that the 
boundaries of science may be widened. It wants to teach the 
child how to live. It is the spirit, rather than the letter, that 
quickeneth. 

* * * 

Each Junior Naturalist Club receives a charter, and each 
member may receive a button. Each member pays dues twice 
each school month by sending a letter on something which has 
been seen or studied. Often these letters are the school-room 
compositions concerning nature subjects. Each month we issue 
to the clubs a Junior Naturalist Lesson, suggesting what topic 
may be studied to advantage. This fall we have made much of 
the topic * * seed travelers ; ' ' and our office has been full of seeds 
from the four corners of the State. How much the little minds 
have opened as they have pictured the journeys of the thistle- 
down and the stick-tight, no one can ever know. 

  * 

A School of Nature-Study for teachers is offered at Cornell 
in the summer of 1900, as in 1899. Term opens just after 
the Fourth, and continues six weeks. Because of lack of room 
and equipment, the number of students is limited to one hundred. 
First come, first served. Applications are already coming in. To 
teachers in New York State, there is no tuition. Instruction is 
given in three general subjects by Professors Roberts, Comstock 
and Bailey. This instruction comprises a full course in itself. 
It is a one-session course. Persons who desire advanced instruc- 
tion, register in the other courses of the summer session. 



UNCLE JOHN'S TALK WITH THE CHILDREN. 

' F YOU have not yet organized a Junior Nat- 
uralist Club in your school, we most, cordially 
invite you to do so. If you desire it, we 
will gladly mail you instructions. By the 
instructions you will learn all about the 
J*j, election of club officers, the charter, monthly 
lessons, and the conditions under which we 
send badge buttons. The observations of 
the month can be made the topic for com- 
positions and drawings, and these are sent to us once or 
twice each month and are considered by us as payment of dues. 
For each member there is an index card in our office on which 

his record is kept. 

* * * 

In our plans for simplifying the work never for a moment 
have we entertained the idea that the thousands of letters 
received as dues should be neglected. Never do we pick up a 
letter without the feeling that its production meant much to the 
author and that it is entitled to respectful consideration. 
Those of our staff to whom this work falls, have become expert 
in " catching the key " of each letter when reading the first few 
lines. The original, unpruned letter, expressing the natural boy 
or girl, pleases us most. We want their ideas more than their 

scholarship. 

• * * 

Ideally one might suppose that our most enthusiastic clubs 
would come from outside of the city, where Nature is to be 
observed. While we have had very gratifying reports from 
such quarters, we have been much delighted by the zeal shown 
by clubs in such citiesas Albany, Auburn , Binghamton, Brooklyn, 
Buffalo, Cohoes. Corning, Dunkirk, Elmira, Gloversville, 
Johnstown, Jamestown, Lockport, New York, Niagara Falls, 
New Rochelle, Olean, Poughkeepsie, Rochester, Schenectady, 
Syracuse, Uticaand Yonkers. 
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If you know of any boys or girls or adults who by reason of 
illness belong to the band of " shut-ins/ ' you may perhaps be 
doing them a favor by placing us in touch with them. You 
understand that all our services are free. 

*  * 

When preparing dues for mailing, put them in envelopes or in 
rolls with plain wrapper. Do not fail to give name and address 
in upper left hand corner of the envelope or roll. It is well to 
do this even when identification cards are placed inside. When 
sending letters or drawings, pasteboard sides are unnecessary 

and when used add much to the postage. 

* * * 

We must again speak of the conditions on which we send the 
badges or buttons. They are not sent as a bonus or premium 
for joining a Junior Naturalist Club, but as a testimony that the 
recipient has done faithful work in Nature-Study. So far as pos- 
sible, we rely upon the judgment of the teacher when such con- 
ditions have been complied with, and to her we consign the 
buttons for distribution. We wish them to be badges of honor 

and not be cheapened by being worn by the undeserving. 

* * * 

We shall continue to send monthly lessons to all Junior 
Naturalists. We find that most interest is found in the study 
of living and growing things, and material for such is not so easy 
to obtain during January and February. We shall, however, 
select topics suceptible of some illustration. Perhaps it will be 
just as well to exact but one set of dues for these months. 

^^ ^p *^ 

As soon as possible after receiving the roster of a club, we send 

a charter. During October and a part of November we were 

unable to be as prompt in doing this as we desired. No doubt 

some of our Junior Naturalists felt impatient by such enforced 

neglect, but we are sure we suffered more than they. 9 It is not 

an easy thing to register twenty-one thousand boys and girls. 

We have done this and now know where to find each one and 

also the address of the teacher by whom the work of the club is 

conducted. 

* * * 
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We are often asked — "Will it not answer your purpose of 
dues just as well if we send you a few samples?"- No, it will 
not by any means. A record of the work done by each boy 
and girl is kept in our department on a card, and we want the 
communications of every member so that proper credit can be 
given. 

The inquiry is not infrequent — "What do you do with the 
thousands of letters in the form of dues sent each month?" We 
are glad to assure all Junior Naturalists that each letter received 
in payment of dues is handled with great respect and proper 
credit given on each card. 

* * * 

The Junior Naturalist family now numbers more than 21,000 
boys and girls. They live in many states ; and there is one club 
in Egypt and another in Tasmania. 



r Nuturalisl Club House. 
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TEACHER'S LEAFLET NO. 17. 



THE BURST OF SPRING. 

I. The Opening of the Buds. (L. If. Bailey.) 

PRING is coming ! The buds will burst 
and the birds will sing. 

How do the buds burst? Watch them 
as the spring opens ; or if you are impa- 
tient, cut long twigs and place them in 
bottles of water in a living-room, and the 
buds will swell. First notice what the winter 
buds are like, — that they are spherical, or 
oblong, or conical bodies lying close to the 
limb and tightly covered with scales. Notice 
that there is a mark or scar beneath the bud, 
showing where a leaf was borne. 

It is excellent practice to collect winter twigs 
of different kinds of trees and bushes, and to 
compare the form and color of the shoots, and 
the size, shape, color and make-up of the buds. 
Lay the twigs side by side on the table and 
notice how one differs from the other. What part of the twig grew 
last year ? Notice the ' ' ring ' ' at the baseof the last year's growth. 
After all the differences are noted, put the twigs in water, as you 
would a bouquet. Sometimes flowers and leaves will appear. If 
the twigs are two or three feet long, the buds are more likely to 
grow, for then there is sufficient supply of food (or starch). 
Change the water frequently, and cut off the lower ends of the 
twigs so that a fresh surface will be exposed to the water. It 
will be two to five weeks before the buds open, depending mostly 
on the kind. of plant. 

Mark one bud on a maple, or apple, or lilac or other plant, by 
tying a string about the twig. Look at it carefully from day to 
day : observe how it opens, and what comes out of it. 
The pupil should know that a winter twig has interest. 

* * # 

The bud may be peach or apricot. Soon the bud begins to swell 
at its top. The scales open. A white lining appears. This lin- 




ing soon protrudes (Fig. 60). Soon the lining opens. We see 
that it is a flower. Or, perhaps the peach bud sends out a green 
shoot rather than a flower. There must be two kinds of peach 

(I and apricot bnds, — a fiower-bud and a leaf-bud. Can 

AauJ j vou te 'l them apart ? The flower-bud is thicker and 
■wBUf rounder. Usually one stands on either side of a leaf- 
^^ bud. But the leaf-bud may stand alone. Find one : 
'■ any peach tree or apricot tree will have leaf-buds, 

"M but all may not have flower-buds. As the bud expands 

60 -on*- ano - tne Sower or leaf appears, notice that the bud- 
'^p'^icoi sc* 1 * 3 ™^ away. Do not these scales leave scars ? 
*■"*■ And do not these scarsj standing together, make ihe 

"ring " which marks the beginning of the new growth? 
* * * 
Observe a pear bud. Notice that the scales elongate as the bud 
swells. You can see the white bases of the scales, marking the 
new growth (Fig. 61). If it is a leaf-bud the scales 
may become tbree-fourths of an inch long before they 
fall. But sooner or later, they are cast, and their 
places are marked by scars. If it is a flower-bud, 
notice that several flowers come out of it. In the apri- 
cot and peach, there is only one flower in each bud. 
Each of these little pear 
flowers is closed up like 
a bud and elevates itself 
on a stalk before it opens : 
and this stalk becomes 
:he stems of the pear fruit. But this 
pear flower-bud contains leaves as 
well as flowers. Fig. 62 shows 
what comes out of a pear bud. This, 
then, is a mixed flower-bud, — it 
contains both leaves and flowers. 
The apricot and peach bear true or 

„„ , , . simple flower-buds. 

62— What came out of a pear r 

bud. * * * 

Watch apple buds. The scales 

do not elongate as in the pear, but the flower-buds are mixed. 



Fig. 63 shows the expanding cluster from an apple flower-bud. 
Four flowers will open ; and there are six leaves. If the buds 
are made to open in the house 
on severed twigs, the leaves 
do sot grow so large before 
the flowers expand, for the 
twig does not contain suffi- 
cient food. Fig. 64 is a pho- 
tograph of an apple twig 
which I had in my window 
one winter's day. 



Examine a hickory twig. 
Theillustration(Fig.65)shows 
the "ring" marking the be- 



m.—AppU flowers in midwinter. 

scales fall away ; but some of the 

like bodies, as shown in Fig. 66. 

become two or three inches long before they fall. Hickories 



65. — Opening of an apple bud. 



ginning of the annual 
growth. See the large 
leaf-scars. Notice that 
the terminal bud ismuch 
the largest. It is the 
one which will grow. 
The other buds will re- 
main dormant unless 
they are forced into 
growth by the death of 
the terminal bud or by 
other unusual circum- 
stance. Notice that 
buds differ in size on 
shoots of all plants : con- 
sider that not all the buds 
are to grow ; there is 
struggle for existence. 
When the hickory bud 
expands, some of the 
ler parts enlarge into leaf- 
In some hickories these bodies 
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open very late in the season. The Norway Maple, commonly 
planted on lawns, behaves in a similar way. Observe the Sugar 
Maple. 

$ £ $ 

A twig of the common elm is shown 

in Fig. 67. Notice the " ring." See 

the two kinds of buds. We suspect 

that the three large ones are flower- 
buds. With the very first warm days 

— before the robin has built her nest 

— these three buds will burst ; soon 

the red-brown tassels will hang on the 

leafless twigs. Each tassel is a flower. 

Several flowers come from each bud. 

We see them in Fig. 68 ; and the 

leaf -buds have elongated somewhat. 

Watch for the fruits or seeds that 
6s.~shoot blow about the walks so early in 
hiikZry. spring; and note how the leaves ^"^^ij.^* 

come out. 

▼ *n *p 

With the first breath of spring, the " pussy willows " come. 



f 



1 





67. — Twig of elm, 




68. — Blossoms of the elm. 

And what are the ' * pussies * ' ? They are clusters of flowers. So 
snugly are the little flowers wrapped in wool, that the 
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"pussies" are silken-soft as they begin to ex- 
pand. Fig. 69 is a willow shoot. Find one 
when the" buds first begin to burst. Notice the big 
brown-black scale that covers the bud as a shield and 
falls when the "pussy" first begins to appear. 
* * * 

And now what is a winter bud? It is a miniature 
shoot or flower resting for the time, and snugly 
wrapped for the long winter. It was made last season. 
It is ready to leap into growth the moment the warm 
rain of spring wakens it. A good hand lens will 
show the embryo 
branch, if a section 
is made of the bud. 
This bud is not 
only ready -formed, 
but it is ready-fed. 
The winter shoots 
contain starch. On 
a cut surface of a 
dormant twig, ap- 
ply a drop of tinct- 
ure of iodine ; note 

„, , . the bluish color, 

•jo.— Bloom of azalea. ' 

which is indicative 
of starch. This starch is insoluble ; but with the first 
awakening of life, it changes into sugar, which is 
soluble and is transferred to the growing point. The 
burst of spring is made possible by means of this 
stored food. Notice the azalea in the florist's window 
(Fig. 70). The large flower-buds were formed the 
year before, and it is a short operation to force them 
into bloom. The flowers come in advance of the leaves; 
therefore these leaves could not have made the food 
required for the bloom. The blooming of the apple 
twig (Fig. 64) in the winter shows that the food is in 
the twig and buds. Once I drew a branch of a tree into 
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a room and fastened it there. It made leaves and began to grow 
while the tree to which it was attached was perfectly dormant 

(Fig 71). 



Not only are the buds ready-formed and ready-fed, but they are 
covered. Snugly is the tender, growing point protected. Pull 
away the scales of a winter bud one by one. Observe how closely 
they are placed. Often the chinks are filled with a packing of 
wool, or are sealed with varnish. Dip the bud in water : then 
see if the water permeates the covering. The chief value of the 
bud-covering is not to protect from freezing, as commonly sup- 
posed, but to prevent the soft growing parts from drying out. 
* * * 

The plants are waiting for spring. They are ready. 




IL The Early Birds. {Louis Agassiz Fuertes.) 

FTER a long winter, many of us are too impatient for 
spring to wait for the swelling of the buds, the open- 
ing of the early flowers, and the springing of the 
grass. Several weeks lie between the end of 
winter and the truly genial spring days, and during 
this interval we look for something to herald the 
settled spring season. And the thing which gives 
us that for which we are unconsciously looking, more than 
all other signs, is the arrival of the birds. Who has not 
warmed to the quavering call of the first blue-bird, or been sud- 
denly thrilled some early spring day with the sunny notes of the 
song-sparrow ! 

In the southern part of this state, notably in the lower Hud- 
son Valley, several birds spend the winter which elsewhere we are 
accustomed to see only after the winter has passed. Among these 
are the blue-bird, robin, song-sparrow, white-throated-sparrow, 
meadow-lark, and possibly purple-finch. But in most of the 
state we must wait until the first or second week in March before 
we can be sure of seeing- any of them. It is a question which of 
the earlier birds will first make its appearance, as these early 
migrants are much less regular in their movements than those 
that come late in April and in May, after the weather has become 
settled. Many a robin and blue-bird arrives during some early 
warm 4 'spell, ' ' to find himself suddenly surrounded by flying snow 
and blown about by cold winds. But these and a few other hardy 
ones seem able to stand such rebuffs with great equanimity, and 
the momentary shining of a fickle March sun will often evoke 
some pent up song-sparrows* notes from the shelter of a hedge 
or thicket. Robins, blue-birds, song-sparrows, cowbirds, meadow- 
larks, phoebes, bronzed grackles, kingfishers and doves may be 
looked upon as the vanguards of the hosts of migrating birds 
that come to us each year, and the first four or five may be 
expected almost any time after the first week in March. If the 
winter has been late, these may not appear until the middle or 
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even the latter part of the month, in which case one is busy 
keeping track of the arrivals, as the other birds have caught up 
then, and all come nearly at the same time. 

It is unnecessary to give detailed descriptions of robins, 
bluebirds and song- sparrows, as nearly everyone is familiar with 
them ; but some of the other early comers may be more easily 
recognized if some field impressions of them be given. 

* * * 

Almost any warm day in early March we may hear a thin, 
clear " tsssss " in a high piping key, and on looking up see from 
one to five black birds, about the size of orioles, flying in a 
strange undulating manner — some up and some down, with the 
wings held close to their sides during the 
" drop " in their Sight. They are cow- 
birds. The flock may swirl into the top of 
a tree and sit close together. {Fig. 72.) 
If this happens within eyeshot, stop and 
watch them for a moment. One or two of the 
males are almost certain to utter the ridicu- 
lous songof the species, which, like that of 
their relatives, the grackles, is accompanied 
by the most grotesque of actions. The 
bird spreads its wings to their utmost, 
spreads and elevates the tail, stretches its 
neck upwards and forwards, and then, quivering and tottering, 
nearly falls forward off theperch. Theonlysound which accom- 
panies this absurd action is a faint chuckling ' ' clk-sf s'k ' ' which 
is scarcely to be heard a hundred feet away. 

* * * 

With the cowbirds we may expect the arrival of the bronzed 
grackles, which resemble them much in flight, but are larger 
and come in far larger flocks, — sometimes ten, sometimes a 
hundred or more. Their arrival is known by the vigorous calls 
they utter while flying, a loud bass " jook." When seen squab- 
ling in the spruce trees or in the bare branches of the willows 
fringing the streams, the males are likely to be giving their 
"song." It is scarcely more of a note than the cowbird's, a 
rusty squeak, and it is accompanied by a contortion in the same 
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manner. It is not such a pronounced effort, however, and is 
often only a slight shudder and shrug of the shoulders. They 
feed, like cowbirds, mostly on the ground, and walk about most 
sedately in the grass like small crows. In tall grass, however, 
they waddle too much to be graceful. When taking flight they 
spread their long pointed tails iu a very peculiar and character- 
istic manner — not out in a horizontal plane, like most birds, 
but up at the sides in the shape of a gardener's trowel, which 
gives them an extraordinary appearance. 
* * * 

The redwings begin to come into the marshes soon after the 
grackles, and are at that time iu full feather and song. Their 
rich, deliberate "clonk-ka lrrrrrrr, ' ' interlarded with the clear pi p- 
ing whistles of some of the flock, make a concert of bird -notes 
very dear to all who are familiar with it. In their scarlet and 
black velvet dresses these birds are impossible to mistake, whether 
seen chasing over the marshes, singing from an elm-top, or bal- 
ancing with spread tail upon some tall reed stalk. 
* * * 

There is a bird-note so often and so justly mistaken for that 
of the phcebe that the error certainly merits correction. The 
spring song of the chick-a-dee (which may be heard on almost 
any warm day all winter, and is very easy to call forth by even a 

poorly whistled imitation) is a clear, pure"™ — " °r " " — " 

which really says " Phcebe " much more plainly than the true 
phcebe note, this latter being much lower 
in tone, and only to be heard after March is 
well on, and almost always in the vicinity of 
running streams and brooklets ; while the 
gay little chick-a-dee whistles at any time 
or place that suits his versatile fancy. 
* * * 

The mellow flute notes of the meadow 
lark (Fig. 73) float to us from the middle of Mtadov) larks 

some large, open field, and are among the 
most beautiful bits of bird music we ever hear. They are not to 
be represented by notes, and can only be most inadequately 
described. There is great variation in the sequence of notes, 



but all are beautifully clear and ringing, and have a decided 
tinge of what would be sadness if it were not so sweet. The 
bird flies in a very characteristic manner, never raising the 
wings above the plane of the back, and when seen below the 
horizon line always shows the white feathers in the tail. His 
saffron breast and black breast mark seldom show on the living 
birds, and the mottled brown back is a wonderful safeguard 
against his many overhead enemies, 

* * * 

Two or more doves may be seen winging their headlong flight 
through the air. These are among the swiftest of birds, and 
are generally out of eyeshot almost before you 
have seen them. (That is one way of know- 
ing what they were.) In flight, they look 
like small pigeons with very long graduated 
tails, and when, in some old orchard or open 
wood you see one rise from the ground into a 
tree, the white lateral feathers in the tail make 
an easily recognizable mark. (Fig. 74.) 
74 " — doves*** Their cooing notes are well known — a high 
pitched "overtone" followed by several long 
bell-toned "™, — ™," notes. 

* * 

About April 1 to 10, you may hear a scratching in the dead 
leaves among the underbush in any thickly grown tangle, and 
upon cautiously coming up, you may discover the authors— not 
big grouse as you may have supposed, but a flock of fine vigorous 
fox -sparrows, on their way to their northern breeding grounds. 
They are bright bay fellows, with boldly blotched brown and white 
breasts, diligently scattering the leaves for their food of seeds, 
spiders, ants and other insects. If you have been fortunate 
enough not to have been seen you may hear their song, 
which is one of the finest of our sparrow songs, readily recog- 
nizable as such, though not resembling any of its fellows — a cleat 
vigorous carol, often ending abruptly with a rather unmusical 
"clip." If however, they have seen you, you will be treated 
to a sharp "tseep !" and a rear view of a flock of rapidly retreat- 
ing birds, for they are not sociable (with us, at least) and gener- 



ally take a hint to move on before you know of their presence. 
They do not stay long with us on their migration, and seeing 
them one day is no indication that you can find them the next. 

* * * 

Although the white-throated sparrows spend the winter in our 
southern counties, they do not start their northward journey as 
early as we might expect, and it is not until the first part of 
April that we may be sure of finding them. I have one list, 
indeed that shows their first appearance on May first ! 

They are to be found in similar places to those which the fox- 
sparrows choose, and are very similar to them in habits, but the 
boldly striped head and gray breast are very distinctive marks. 
Almost all of our native sparrows have a call 
note, the "tsweep" note, which is hard to 
distinguish in the different species without 
much patient listening — and I doubt if any 
person is infallible in this distinction. The 
white-throat has this note, as well as the 
song-sparrow, tree-sparrow (a winter -bird) , 
fox-sparrow, white-crown, chippy, field- 
sparrow, grass-finch, in fact all our brown- 
backed sparrows. But the song of the white- 7s, ~ J ^^ valed 
throat is his own, and may be heard frequently 
during his very leisurely journey through our state. His 
Canadian name, " Peabody bird " is descriptive of his notes, 

" , , " When a number get together and 

whistle, as if they were singing a round, it makes a very sweet 
concert. 

* * * 

One of the foremost birds in the spring movement is the grass- 
finch (vesper-sparrow or bay-winged bunting). It is to be 
found in open fields and along roadside fences, in company with 
meadow larks, and its sweet song may be heard almost any warm 
evening after the middle of April. Unlike most of our birds, 
this sparrow sings at its best late in the afternoon and during twi- 
light, which perhaps makes its song seem the sweeter. It is rather 
a gentle song, though to be heard at some distance, carrying 
quite as far as that of the song-sparrow. Although the quality 



of voice is somewhat similar in these two birds, the grass-finch 
lacks the merry abandon that characterizes the song-sparrow's 
song, but has instead a deeper chord, which is called by some 
people sadness. The bird may be easily recognized in the fields 
by the white-tail feathers, which always show in flight. It is 
about the size and general color of the song-sparrow. 
« ». * 
By the time the foregoing birds are comparatively common, 
and the maple buds are burst and the lilacs swelling, the gay 
purple finch appears. He is not purple at all, but has a crimson 
head, which fades on the lower breast through rosy pink into 
pure white. He is fond of spruces and larches, feeding greedily 
on the tender buds as well as on the ants and scale insects that 
infest them. His song is a fine one, and in addition to the charm 
of being poured forth in full flight, is so long and intricate that 
one finds himself holding his breath as the burst of melody con- 
tinues, as if to help the little fellow catch up with his music. 

Along the banks of some lake or stream, sitting idly on a 
telegraph poleor wire, rising and settling, elevating and depress- 
ing his long parted top-knot, a patriarchal old kingfisher maybe 
seen silently awaiting the gleam of 
a shiner in the water below (Fig. 
76). Or perhaps you may first see 
him flying like a big woodpecker, 
screaming his chattering cry high 
in the air, or scaling periously 
close to the water under the fring- 
ing hemlock branches that over- 
hang the stream. His large size, 
slate-blue back, loud notes and 
, .— gjts . characteristic flight make him a 

hard bird to mistake in any case. 

There are many other birds which pass us on their way 
north, but they rather herald the summer than the breaking of 
spring. The following list of spring migrations is taken from 
Mr. Chapman's " Handbook of the Birds of Eastern North 
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America/ ' and was compiled for use about New York City. The 
dates nearly coincide with those I have found about the central 
part of the state, and are, in the main, only a few days in 
advance of those for the northern counties. The latter dates in 
the column are about what may be taken for the middle tier of 
counties. 

It is the earnest hope of the writer that these few very 
brief sketches may be of use to those interested in entering 
the delightful field of the study of birds; your experience 
may and probably will be different from that which I have 
cited, which only goes to show that everyone must really see for 
himself, and not only that, but by so doing may make new 
observations and get new ideas on practically all of even our best 
known birds. Birds are not, as a rule, hard to watch, and the 
patience it requires to sit still and "be a stump' ' long enough 
for birds to cease noticing you is soon and amply repaid by the 
new insight into an unknown realm which is sure to follow. 

LIST OF BIRDS COMPRISING THE SPRING MIGRATION. 

(Until April 20 — Approximate.) 
( Taken from Chapman % s Handbook of Birds of Eastern North America.) 



Date of arrival. 
Feb. 15-Mar. IO. 



Mar. 10-20. 



Mar. 20-31. 



April 1- 10. 



April 10-20 



Date of arrival. 
Purple Grackle April 1-10. 
Rusty Grackle 
Red-winged Black- 
bird 
Robin 
Bluebird . 
Woodcock 

Phoebe 
Meadow Lark 

Cowbird 

Fox-sparrow 

Wilson's Snipe 

Kingfisher 

Mourning Dove 

Swamp-sparrow 

Field-sparrow 

Great Blue Heron 

Purple Finch 



Vesper-sparrow 

Savanna-sparrow 

Chipping-sparrow 

Tree Swallow 

Myrtle Warbler 

American Pipit 

Hermit Thrush 

Yellow-bellied 
Woodpecker 

Barn Swallow 

Yellow Palm War- 
bler 

Pine Warbler 

Louisiana Water 
Thrush 

Ruby -crowned 
Kinglet. 



m. The Opening: of a Cocoon. (Mary Rogers Miller.) 

MONG the commonest treasures brought into the 
school by children in the fall or winter arethecocoons 
of our giant silk worms. If one has a place to put 
them where the air is not too warm or dry, no special 
care will be necessary to keep them through the 
winter. Out-door conditions must be imitated as 
nearly as possible. If early in the fall one is for- 
tunate enough to meet one of these giants out for 
i walk, it is the simplest thing in the world to 
capture him and watch him spin his marvellous 
winter blanket. Two members of this family of giant insects are 
quite common in this state : the largest, theCecropia, called some- 
times the Emperor, and the Promethea. 




i twig 

The Cecropia moth often measures five or six inches across — 
a veritable giant. Its main color is dusty brown, with spots and 
bands of cinnamon brown and white. On each wing is a white 
crescent bordered with red and outlined with a black line. The 
body is heavy and covered with thick, reddish-brown hairs crossed 



near the end with black and white lines. On its small head are 
two large feathery feelers or antennae. The Cecropia moth 
emerges from the cocoon, full grown, in early summer when out of 
doors. Those kept in the house often come out as early as March. 
The eggs are deposited by the adults upon apple, pear, cherry, 
maple and other shade and fruit trees. Professor Comstock 
says that the spiny caterpillars which hatch from the eggs in 
about two weeks, are known to feed upon the leaves of some fifty 
species of plants. One conld therefore hardly make a mistake in 
offering refreshments to these creatures, since they are anything 
but epicures. The full-grown caterpillar, having spent the sum- 
mer eating and growing, with now and then a change of clothes, 
is often three inches long and an inch in diameter. It is a dull 
bluish green in color. On its back are two 
rows of wart -like protuberances (tuber- 
cles), some yellow, some red, some blue. 
As there is nothing else in nature which is 
just like it, one need have no difficulty in 
recognizing the Cecropia in its different 
phases. 

The cocoon which this giant silk worm 
weaves is shown in Fig. 77. It may be 
found on a twig in some tree in the door- 
yard, but sometimes on a fence-post of 
equally unexpected place. Inside the cocoon the brown pupa, 
alive but helpless, waits for spring. 

After the moth comes out, it is interesting to examine the 

structure of the cocoon, and to discover how the moth managed 

to free itself without destroying the silken blanket {see Fig. 78). 

* * « 

Swinging loosely from last summer's twigs in lilac bushes, and 
on such trees as wild cherry and ash, one often finds the slender 
cocoons of the Protnethea moth (Fig. 78). We cannot help admir- 
ing the skill and care displayed by the spinner of this tidy winter 
overcoat. The giant silk worm which spun it chose a leaf as a 
foundation. He took care to secure himself against the danger 
of falling, by fastening the leaf to the twig which bore it by 
means of shining strands ?i silk. It is easy to test the strength 
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of this fastening by attempting to pall it loose from the twig. 
The moths which come from these cocoons do not always 
look alike, but they are all brothers and sisters. The 
brothers are almost black, while the wings of the sisters are 
light reddish brown, with a light grey wavy line - 
crossing the middle of both wings. The margins 
of the wings are clay-colored. On each wing is 
a dark velvety spot. The adults 
emerge in spring and are most often 
seen in the late afternoon. Their 
flight is more spirited than that of 
the Cecropia, which moves very 
sedately as becomes a giant. 




The caterpillars of this species, the 
methea, feed during the summer on 
wild cherry, ash and other trees. | 
to be about two inches long, and are 
ed from others by their pale bluish 
and yellow legs. They also have rows 
elevations on their backs, some black 
four of a bright red and one large and 
the hindmost end. v. 



young Pro- 
le a v e s of 
They grow 
d istinguish- 
green color 
of wart- like 
and shining, 
yellow near 
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The life of these giant insects is divided into four dis- 
tinct stages : the egg, deposited by the adult moth 
usually on or near the food plant ; the larva, or cater- 
pillar stage, when most of the eating and all the grow- 
ing is done ; the pupa, passed inside the cocoon woven 
by the larva ; and the adult, a winged mith. 

The life cycle or generation is one year, the winter 
being passed in the pupa stage. The insect lives but 
i, a short time in the adult stage and the egg stage is 
" but two or three weeks. Most of the summer is devo- 
c ted to the caterpillar phase of its life. 
X These creatures are entirely harmless. They seldom 
i appear in numbers sufficient to make them of economic 
i importance. 



NOTES. 

Have you done anything towards establishing a school garden ? 
If you know of any interesting efforts in that direction, we should 
be glad if you would let us know about them. Do you know of 
any school premises which have been planted and ornamented? 
If you are interested in garden-making by children, our Leaflet 
No. 4 ("A Children's Garden"), is at your disposal. Our 
Bulletin 160 will give you suggestions for the planting of the 

school ground. 

* * * 

We wish to inaugurate a movement for flower-shows and other 
nature-study exhibitions in schools and churches. If you have 
had experience, please give us suggestions. 

* * * 

Good subjects for spring work are : The Soil (Leaflet No. 15) ; 
toads (No. 9) ; tent-makers (No. 5) ; apple twigs (No. 3), par- 
ticularly in connection with the present Leaflet ; showers 
(No. 14) ; birds (No. 10). 

* * * 

Persons frequently ask if we believe in teaching sentiment in 
nature-study. We disapprove of sentiment and poetic interpre- 
tations when they give the wrong point of view, and when they 
substitute mere emotion for patient inquiry. Sentiment should 
be incidental in any interpretation of nature. Yet we have a 
right to the poetic interpretation. Scientists are likely to go so 
far as to forbid the use of figures of speech and of parables: 
this is unfortunate. A metaphor or parable may be of distinct 
value when it teaches a true lesson or drives home a point, even 
though it is not literally true. One is justified in saying, to 
some audiences, that a potato puts up a lunch for future use. 
Everybody knows that the statement is a metaphor. He knows 
that a potato has no brains. The statement does not mislead. 
If one cannot say that much about a potato, it is not allowable 
to say that it has eyes. One can scarcely speak a sentence with 
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out saying things which are not literally true under all condi- 
tions. Even astronomers say that the sun sets. Persons who 
insist that every statement about nature must be literally true, 
take the life and spirit out of writing and conversation. They 
might say that Bryant's lyric, " Robert of Lincoln," is untrue : 
the bird is not "drest" since he has no clothes; he has no 
11 Quaker wife " since he is mated, not wed. Yet there is more 
real bob o -link in Bryant's poem than in the formal descrip- 
tions of the bird; 

Yet, we wish to protest against that teaching of nature which 
is mere sentimentalism, which makes the "goody-goody " part 
of the work so prominent that it becomes the child's point of 
view. Interest in things themselves should be the primary 
motive : sentiment comes chiefly as a result. But if there is 
danger of making sentiment too prominent, there may be equal 

danger in insisting on a perfunctory scientific point of view. 

* * * 

The publications of the Cornell Bureau of Nature-Study and 

Farmer's Reading-Course are four : Nature-Study Quarterly, 

for teachers ; Home Nature-Study Lesson, for teachers ; Junior 

Naturalist Monthly, for children; Farmer's Reading-Lessons 

(with quizzes), for farmers. Aside from these, the College of 

Agriculture publishes the regular Experiment Station Bulletins. 

With so many publications, it is desirable to keep the mailing 

lists as small as possible and yet serve those persons who 

earnestly desire them. The lists are revised, in order to eliminate 

" dead " names. The lists as they now stand are "live " lists. 

They are approximately as follows (March 9, 1900) : 

Teacher's leaflets 26,000 names 

Teacher's home lessons 2,000 " 

Junior naturalists 30,000 ' ' 

Farmer's Reading-Course 17,000 " 

Bulletins : 20,000 ' ' 

95,000 names 

The incidental personal requests for the publications con- 
siderably increase this constituency. 

L. H. Bailey* Chief, 

John W. Spencer, Deputy Chief, 

Of Bureau of Nature- Study and Farmer's Reading -Course . 
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TEACHER'S LEAFLET NO. IB. 



A BROOK. 

BROOK is the best of subjects for 
nature-study. It is near and dear 
to every child. It is a world in 
itself. It is an epitome of the nature 
in which we live. In miniature, 
it illustrates the forces which have 
shaped much of the earth's surface. 
Day by day and century by century 
it carries its burden of earth-waste 
and lays it down in the quiet places. 
Always beginning and never ceas- 
ing, it does its work as slowly and 
as quietly as the drifting of the 
years. It is a scene of life and 
activity. It reflects the sky. It is kissed by the sun. It is 
caressed by the wind. The minnows play in the pools. The 
soft weeds grow in the shallows. The grass and the dandelions 
lie on its sunny banks. The moss and fern are sheltered in the. 
nooks. It comes one knows not whence : it flows one knows 
not whither. It awakens the desire of exploration. It is a 
realm of mysteries. It typifies the flood of life. It goes ' ' on 
forever." 

In many ways can the brook be made an adjunct of the 
school-room. One teacher or one grade may study its physiog- 
raphy ; another its birds ; another may plat it. Or one teacher 
and one grade may devote a month or a term to one phase 
of it. Thus the brook may be made the center of a life-theme. 

L.'H. B. 



L A Brook and Its Work. (/. O. Martin.) 
ON a rainy day most of us are driven indoors and thus we miss 
some of nature's most instructive lessons, for in sunshine or rain 
the great mother toils on, doing some of her hardest labor when 
her face is overcast with clouds. Let us find our waterproofs, 
raise our umbrellas, bid defiance to the pattering rain and go 
forth to learn some of the lessons of a rainy day. 

Along the roadside the 
steady down-pouring 
rain collects into pools 
and rills, or sinks out 
of sight in the ground. 
The tiny streams search 
out the easiest grade and 
run down the road, dig- 
ging little gullies as they 
go. Soon these rills meet 
and, joining their muddy 
currents, flow on with 
greater speed down the 
hillside until they reach 
the bottom of the valley 
and go to swell the brook 
which flows on in sun- 
shine or rain. The 
water which sinks into 
the ground passes out of 
our sight for a time, but 
its journey is also down- 
ward toward the brook, 
though the soil, acting 
as a great sponge, holds 
it back and makes it take 
a slower pace than the 
rushing surface water. 
This slower-moving underground water percolates through the 
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soil until it comes to a layer of rock, clay, or other impervious 
substance along the slope of which it flows until it is turned 
again to the surface in the form of a spring. Perhaps this 
spring is one of those clear cold pools with the water bubbling 
up through its sandy bottom from which we love to drink on a 
hot summer's day ; or again it is a swampy spot on the hillside 
where the cat-tails grow. In whatever form it issues from the 
ground, a tiny rill carries away its overflow and this sooner or 
later joins the brook. 

The brook we see is simply the collected rainfall from the 
hillsides flowing away to join the river. It grows larger as 
other brooks join it and becomes a creek and finally a river. 
But where is the dividing line between brook, creek and river ? 
So gradually does the brook increase in volume that it would 
be difficult to draw any dividing line between it and the 
larger streams. And so with the rills that formed the brook : 
each is a part of the river, and the names rill, brook, creek and 
river are merely relative terms. If we go to other states, we 
should find that in different parts of the country brooks vary 
much in size. 

Brooks are but small-scale rivers ; and if we study the work 
that a brook is doing we shall find it engaged in cutting down or 
building up just as the river does, although, owing to the smaller 
size of the brook, we can see most of these operations in a short 
distance. I*et us take our way through the wet grass and drip- 
ping trees to the brookside and see what work it is doing. 

The countless rain-born rills are pouring their muddy water 
into the brook and to-day its volume is much greater than when 
it is fed by the slower-moving underground water of the springs, 
as it is in fair weather. It roars along with its waters no longer 
clear but full of clay and sand (" mud M as we call it). 

If we should dip up a glassful of this muddy water we should 
find that when it had settled, there remained on the bottom of 
the glass a thin deposit of sediment. The amount of this sedi- 
ment is small, no doubt, for a single glassful, but when we think of 
the great quantity of water constantly flowing by we can see that 
considerable sediment is going along with it. But this sediment 
in suspension is not all the load that the brook is moving. If 



you will roll up your sleeve, plunge your hand to the bottom of 
the brook and hold it there quietly, you will feel the coarser 
gravel and small stones rolling along the bottom. 

All this load of sand and gravel comes, as we have seen, from 
the valley sides, the banks of the brooks and from its bed. It is 
moving downward away from its original resting place ; and what 
has been the result ? For thousands upon thousands of years 
our brook may have been carrying off its yearly load of sediment, 



8a.— A brook culling under its bank and causing a land-slide. 

and though each day's labor is small, yet the added toil of cen- 
turies must have been great. The result of this labor we can 
see in the great trough or valley through which the brook flows. 
Tennyson speaks of the ceaseless toil of the brook in the follow- 
ing words : 

" I chatter, chatter, as I flow 
To join the brimming ri 



We have seen how the rills and torrents bring into the brook 
their loads of sand, clay and gravel ; let us walk along the bank 
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and see what the brook is doing to increase this load. Just here 
there is a sudden turn in the channel and so sharp is the curve 
that the rushing stream is not able to keep in mid-channel but 
throws itself furiously against the outer bank of the curve v eating 
into the clay of which it is composed, until it is undermined, 
allowing a great mass of clay to slide down into the stream bed 
where it is eaten up and carried away by the rushing water (Fig, 
82). Farther on, the brook dashes down a steep, rocky incline 
and if we listen and watch we may hear the thud of boulders 
hurled along or even see a pebble bound out of the muddy 
foaming water. These moving pebbles strike against each 
other and grind along the bottom, wearing themselves out 
as well as the large unmovable boulders or the rocky bed of the 
brook. Thus the larger stones are ground down, rounded at 
first but in time reduced to sand, adding in this way to the mov- 
ing burden of the brook. By this slow process of cutting and 
grinding the deep rock gorges of New York state, like those at 
Watkins, Ithaca, Au Sable Chasm and even the mighty gorge of 
Niagara, have been made. The Grand. Canyon of the Colorado, 
over a mile in depth, is one of the greatest examples of stream 
cutting to be found in the world. 

Now the brook leads us into a dripping woodland and just 
ahead we can hear the roar of a little waterfall, for at this point 
the cutting stream has uncovered and flows upon the bed rock 
with its alternating bands of hard and soft rock through which 
the busy brook is cutting a minature gorge. Here is a hard 
layer which the stream has undermined until it stands out as a 
shelf and over which the water leaps and falls in one mass 
with a drop of nearly ten feet. Watch how the water below 
boils and eddies ; think with what force it is hammering its stony 
cutting tools upon the rocky floor. Surely here is a place where 
the brook is cutting fast. Notice that swirling eddy where the 
water is whirling about with the speed of a spinning top ; let us 
remember this eddy and when the water is lower we will try to 
see what is happening at its bottom. 

On the other side of the wdods our brook emerges into a broad 
meadow; let us follow it and see what becomes of its load, 
whether it is carried always on or whether the tired brook lays 
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it down occasional!)' to rest. Out of the woods the brook dashes 
down a steep incline until the foaming tide comes to rest 
in a deep pool. What becomes of the large pebbles which have 
been swept down ? Do they go on or do they stop ? If you go 
to the outlet of the pool you will see that the water is coming 
out with nothing in its grasp but the fine clay and sand, the 
gravel and pebbles having been dropped by the less rapid current 
of the pool. This is one of the most important of the brook's 
lessons, for anything that 
tends to check the current 
makes it drop some of the 
sediment that it carries 
(Fig. 83). Yonderisanold 
tree stump with its crooked 
roots caught fast on the 
bottom ; the mid-stream 
current rushes against it 
only to be thrown back in a 
boiling eddy and the waters 
split ih twain and flow by on 
either side with their cur- 
rent somewhat checked. 
In the rear of the stump is 
a region of quiet water 
where the brook is build- 
ing Up a pile of gravel. 
Farther on, the banks of the 
brook are low and here the 
waters no longer remain in 
the channel, but overflow 
the low land spreading out 
on either side in a broad 
sheet. The increased friction of this larger area reduces the cur- 
rent and again we see the brook laying down some of its load. 
The sand and gravel deposited here is spread out in a flat plain called 
a flood plain because it is built up when the stream is iu flood. It 
is on the large flood plains of rivers that many of our richest 
farm lands occur. These receive a fresh coating of soil mixed 
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with fragments of vegetable matter each spring when the stream 
is in flood, and thus grow deeper and richer year by year. The 
flood plains of the Mississippi and the Nile are notable examples 
of this important form of stream deposit. 

And now let us make one more rainy day observation before 
going back to our warm, dry homes. Just ahead on the other 
side of that clump of alders and willows lies the pond into which 
the brook flows and where its current is so checked that it gives 
up almost all of its burden of sediment. Close to the shore it 
has dropped its heaviest fragments while the sand and clay have 
been carried farther out, 
each to be dropped in its 
turn, carefully assorted as 
- to size and weight. Here 
you can see that the stream 
has partly filled this end of 
the pond and is now send- 
ing its divided current out 
over the deposit which it 
has made in a series of 
branching rivulets. This 
deposit is called a delta (fig. 
84) and deltas are another 
important form of stream 
deposits. In the lakes and 
ponds deltas may grow outward until the lake is filled when the 
stream will meander across the level plain without much current 
and hence without much cutting power (Fig. 85). In the sea 
great deltas are being formed in some places, like those at the 
mouths of the Mississippi, the Nile and the Ganges. Large 
areas of dry land have thus been built. Deltas, like flood plains, 
afford rich farming lauds when they are built high enough to 
remain above the water. 

Here let us end our study of the brook for to-day, and wait 
until the rain ceases and the water runs clear again ; then we 
can see the bottom and can also learn by contrast how much 
more work the brook has been doing to-day than it does when 
the volume of water is less. 
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On the road home, however, we can notice how the temporary 
streams have been cutting and depositing, as well as the ever- 
flowing brook. See where this tiny rill has run down that steep 
clay bank until its current was checked at the foot. Notice how 
it has spread out its sediment in a fan-shaped deposit. This form 
of deposit is sometimes made by larger streams, especially in a 
mountainous country with plains at the foot of the slopes. They 
are called alluvial fans or cone deltas (Fig. 86), but they are not 
as important as flood plains and deltas. 

The next dry, sunny morning that comes let us visit the brook 
again : it no longer roars, but its clear waters now sing a pleas- 
ant melody as they ripple along the stony bed. We can see at 
a glance that comparatively little work is going on to-day, and 



85. — A brook flowing across afiond which has been filled. 

yet, if we look closely, we shall see glittering particles of sand 
moving along the bottom. The clear water, however, allows us 
to study the bottom which before was hidden by the load of mud. 
First we see the rounded boulders and pebbles of all sizes 
which must have been rolled about for a long time to make them 
so smooth. Some of them are so very hard that we cannot even 
scratch them with our knives ; others are soft and easily broken. 
What would be the effect of rolling together stones of such vary- 
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Ing hardness? We must think of these stones as the brook's 
tools with which it cuts and grinds, for water without sediment 
<&n do little more than slightly to dissolve the rock. 

Let us go at once to the little waterfall, for we shall be curi- 
ous to see what lies at the bottom of the whirling eddy that 
drew our attention yesterday. As we look down into the sunlit 
pool we see that the eddy is gone for the volume of water is not 
great enough to cause it to revolve, but there in the rock on the 
bottom isa deep basin -like hole. In the bottom of this hole we shall 
see a number of well rounded stones with perhaps some sand 



and gravel. These stones are the tools which, whirled about by 
the eddying water, have cut the basin-like holes. Holes of this 
sort are common in rocky stream beds, especially in the neigh- 
borhood of falls or in places where falls have once been ; they 
are called pot-holes and represent another form of stream cutting. 
(Fig. 87.) 

Next let us visit the flood plains which we saw forming when 
the water was high. Now we shall find the brook flowing in its 
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channel with the flood plain deposits left high and dry. If we 
dig down into the flood plain we shall see that it is made up of 
successive layers varying in thickness and in the size of the 
fragments. Each of these layers represents a period of high 
water and the size of the fragments in the layer tells us some- 
thing of the strength of the current, and therefore of the inten- 
sity of the flood. Some layers are 
thicker than others, showing a longer 
period of flood or perhaps several 
floods in which there was little vari- 
ation. This stratification, as it is 
palled, is one of the peculiarities of 
water deposits and it is due to the 
assorting power of currents which 
vary in force. If we were to cut into 
&T.—A pot-hole cut in the the delta we should find the same 
rock of a stream's bed. tning to u trae _ a regu ia r succes- 
sion of layers though sometimes confused by changes in direc- 
tion of flow. 

To-day we shall notice something which escaped our attention 
when it was held by the rushing torrent — the valley bottom is 
much wider than the bed of the stream ; if we keep our eyes 
open we shall see the explanation of this in the abandoned 
channels, where, owing to some temporary obstructions, the 
stream has been turned from side to side of the valley, now cut- 
ting on one bank and now on the other. In this turning from 
side to side the cutting area of the stream is increased and it 
goes on widening its valley as well as cutting it downward. 

And now we have learned some of the most important ways in 
which the busy brook is toiling ; but there are other points which 
we might have seen, and in some brooks there are special features 
to be noted. However, we have learned that the brook is no 
idler, that its main purpose is to conduct to the ocean the rain 
that falls upon the earth's surface, and that in doing this it is 
wearing down the hills, carrying them away only to build up in 
other deposits. The cheerful song of the brook takes on a new 
meaning as we lie in the shade and watch it hurry by. It is not 
the song of idleness nor pleasure, but the song with which a 
cheerful and tireless worker seeks to make its task lighter. 




IL Insect Life of a Brook* ( Mary Rogers Miller?) 

HAT wader, be he boy or water-fowl, 
has not watched the water insects? 
How they dart hither and thither, some 
skimming the surface, others sturdily 
rowing about in the clear shallows! The 
sunlight fastens for an instant their gro- 
tesque reflections on the smooth bottom, 
then away — the shadow is lost, save for 
the picture it left in the memory of the 
onlooker. 

The splashing, dashing wader, with 
his shout and his all-disturbing stick, 
stands but a poor chance of making intimate acquaintances 
among water-folk. Your true brook-lover is a silent individual 
except when occasion demands action. The lad in the title-page 
picture has the right spirit. From the vantage ground of a 
fallen log or overhanging bank he looks down on the house- 
keeping affairs of his tiny neighbors, nor do they seem offended. 
Indeed, I doubt if they are aware of his presence or curiosity. 

Time was when the enjoyment of brook life was limited to 
boys. White aprons, dainty slippers and fear of being called 
"Tom-boy" restrained the natural impulses of the ''little 
women. ' ' Happily that day is past, and it no longer looks queer 
for girls to live in the open air and sunshine, free to chase but- 
terflies and hunt water-bugs with their brothers. 

My brooks abound in swift eddies, perfect whirlpools in minia- 
ture, and water-falls of assorted sizes. They have also their 
quiet reaches, where whirligig beetles perform their marvelous 
gyrations, and bright eyed polliwogs twirl their tails in early 
May. On the banks are ferns and mosses, and sometimes wil- 
lows and alders form a fringing border. 

The heart-leaved willows along many brooksides are found to 
bear knob-like bodies at the tips of many of their branches, which 
look like pine cones. (See Fig. 88. ) Now everybody knows that 
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willows bear their seeds in catkins. Why then should so many 
brookside willows thrust these cones in our faces? On cutting 
one of the cones open one will learn the, secret. A tiny, colorless 
grub rolls helplessly out of a cell in the 
very centre of the cone. It is the young 
of a small gnat, scarcely larger than a 
mosquito, andknowu asa "gall gnat." The 
cone-shaped body on the willow branch is 
calleda "pine-cone willow-gall." Thelittle 
gray gnat comes out in the spring. Any 
one can collect the galls from the willows 
and keep them in some kind of cage in the 
house until the gnats come forth. 

The pine-cone gall is an enlarged and 
deformed bud. The twig might have 
developed into a branch but for the presence 
of the little larva. The scales of the coue 
are the parts which would have made leaves 
under more favorable conditions. The 
brook-lover can not afford to miss the pine- 
cone willow- galls. 

Wandering along the brookside in spring 
or early summer, one is surprised to find so 
many insect visitors darting about in the 
air. There are dragon-flies of all shapes, 
sizes and colors ; dainty damsel-flies perch 
airily on reeds, their gleaming wings a flut- 
ter in the sunshine ; sometimes a nervous 
mud-wasp alights for a 'moment and then 
up and away. The dragon-flies seem intent on coming as near 
to the water as possible without wetting their wings. They pay 
Oo heed to other visitors, yet how easily they escape the net of 
the would-be collector ! Let them alone. Their business is 
important if we would have a new generation of dragon-flies to 
delight the eye next year. The eggs of these creatures are left 
in the water and the young ones are aquatic. If you would 
know more of them, dip down into the stream in some sluggish 
bay. Dip deep and trail the net among the water plants. Besides 
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dragon-fly nymphs there will be caddice-wonn cases like tiny 

cob - houses, water - boatmen , 

back-swimmers, and giant 

water-bugs.* These are in- 
sects characteristic of still or 

sluggish water, and are found 

in spring and summer. 

The insects which skip 

lightly over the surface of the 

water where the current is 

not too strong, are water- 

Striders. (SeeFig.89.) Some 89.— Water-striders have long, thin legs. 
are short 

and stout, others slender-bodied ; but all 
have long, thin legs. Their color is nearly 
black. As they scurry about in the sun- 
shine the delighted watcher will some- 
times catch a glimpse of their reflections on 
the bottom. Six oval bits of shadow, out- 
lined by rims of light ; there is nothing 
else like it ! Be sure you see it. 

Let us leave the quiet, restful pools and 
the sluggish bays and follow the hurrying 
water to the rapids. Every stone changes 
the course of the current and the babble 
makes glad the heart of the wayfarer. Let 
us "leave no stone unturned" until we 
have routed from his favorite haunt that 
genius of the rapids, the Dobson. (See Fig . 
90.) These creatures bear other common 
names and are prized by fishermen in the 
black bass season. Dirty brown in color and 
frankly ugly in appearance and disposition, 
these larvse, for such they are, have little 
to fear from the casual visitor at the water's 
-The Dobson makes g^ge When a stone is lifted the Dobsons 
pretensions to beauty ° 
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beneath it allow themselves to be hurried 
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along for some distance by the current. The danger over, they 
"catch hold" an4 await their prey farther down stream. In 
spite of their virions looking jaws these 
insects are not venomous. At the very 
worst they coqld do no more than pinch 
the finger of the unwary explorer. 

When the Dobson is full grown, it 
U called a Hellgrammite fly or horned 
Corydalis. It has lost noneof its ugliness, 
though it has gained two pairs of thin 
brownish gray wings, and flies about in 
the evening. It has been known to cre- 
ate some consternation by flying in at an 
open window. It is harmless and short- 
lived in the adult stage. 

Upturned stones are likely to bring 
to view other strangers. Lying close 
against their wet surfaces one usually 
finds young May-flies. (See Fig. 91.)* 
These, like the young dragon-flies, are 
called nymphs. 

When they are ready to leave the water 

they make their way to the shore and 

clinging to some convenient tree trunk 

or building they shed their nymph skins. 

I have seen trees and buildings on the 

banks of the St. Lawrence River liter - 

In 

the early morning in June and July one 

can watch the molting process, the unfolding of the gauzy 

wings and the unsheathing of the long filaments. (See Fig. 92.) 

Do not believe that May-flies are harmful. They are 

sometimes too numerous for comfort at summer resorts where 

myriads of them swarm about the lights. But stories of their 

e adapted from Dr. R. Leuckart's Zoological 
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stinging and biting are entirely without foundation. They are 
short-lived in the adult stage. The name of the family to which 
they belong, Ephemeridte, suggests their ephemeral existence. 
It is of these that poets have sung. 



ija.—TAe May-fiy sheds Us nymph shin. ( Twice natural size., 

Stone-fly nymphs also cling closely to the flat stones. The 
cast skins of these are frequently found on the banks of streams. 
They resemble the May-fly nymphs but can be identified by com- 
paring with these illustrations. (See Fig. 93.) 

Sometimes on the very brink of a cataract one will see what 
appears like patches of loose black moss. Strangely enough, 
these are the larvse of black flies, related to the terrible 
" Funkies " of the north woods. The black fly larvae can live 



.only in the swiftest water. There they pass through their trans- 
formations and succeed in emerging into their aerial stage, in 
spite of the rushing current. 



All these things and many more they see who frequent the 
water brooks. They cannot tell all they see, for some things 
are too deep for words. They can and do say to one and all 
"Come let us visit the brook together. The water and all that 
dwell in it and roundabout invite us and make us welcome." 




NOTES FROM THE CLUBS* 

UR observations of a large number of Junior 
Naturalist clubs have clearly shown us that 
best results come when the teacher gives 
inspiration and guidance without dictating, 
and leaves the members of the club to feel 
that the organization is all theirs. The pride 
of proprietorship and the feeling of the mem- 
bers that they are doing the same work in the same manner as 

is done by their elders, is a strong factor in keeping up an interest. 

* * * 

A principal of one of the schools has asked us to publish a 
leaflet on parliamentary practice, a suggestion which we have 
under serious consideration. He has made much of the meetings 
of the clubs and has conducted them on a basis of civics and 
adroitly let the club proceedings drift into parliamentary and 
legislative usages, whenever nature-study subjects are under 
consideration. He speaks with much spirit of the interest 
awakened in a certain class of boys in his school in the election 
of club officers. These pupils are not distinguished for love of 
study, being emphatically boys of the street. They are lads in 
whom was born a spirit of leadership of a certain kind, and the 
club meeting is an occasion when it comes out in full force. To 
the boys' credit, be it said, their purpose was the election of the 
best members, as judged by their standard. Many situations 
come up in which proper parliamentary ruling is beyond the 
knowledge of the teacher and therefore he suggested that we 
issue a leaflet giving aid in that direction. 

* # * 

Many teachers in whom the taste for good literature is strong, 
open the club meetings with a roll call in response to which each 
member gives a quotation appropriate to the lesson of the month. 

* * * 

The correlation of nature-study with language and also with 
drawing, seems to be popular. In language it gives a definite 
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and concrete topic and one of interest to the child. Prom our point 
of view, it is more important that we have the child's thoughts 
than his scholarship. We desire more the expression of what 
was seen and what such observation meant than to have mere 
correct English. Bach teacher has his own standards and is best 
able to judge of the requirements, and we therefore never insist 
that our view-point be made that of the teacher. Drawing is a 
valuable correlation. We have received much in this line, with 
which we are greatly pleased. A considerable amount of our 
best examples have been sent to foreign countries where the 
fame of our Junior Naturalists has gone, and we have shown our 
pride in them by sending samples of their work. 

*P *r "I* 

The suggestion for the payment of monthly club dues in the 
form of compositions and drawings {Dade during the respective 
periods in the regular school work, has been fulfilled to a 

degree gratifying to us. 

* * $ 

The large increase of membership has made the corres- 
pondenpe very great indeed, making an increased clerical force 
necessary, but we have so far succeeded in examining each 
paper sent and giving the author proper credit. We keep a 
personal account with every Junior Naturalist. We believe that 
the movement cannot succeed permanently if our work ends 
with the organization of clubs. 

* * * 

This issue of the Quarterly closes its publication for the pres- 
ent school year. The brook is a good vacation subject. Start 
the children in the study of it before the school closes ; then 
ask them to continue to explore it during the summer and report 
their discoveries in the fall. 

* * ** 

During our summer vacation we shall revise the mailing list for 
our Nature-Study Quarterly* If, since receiving the April num- 
ber ', you have not requested that your name be retained on our mail- 
ing list > you would better attend to it at once. We shall be pleased 
to have you remain with us, but if we hear nothing from you we 
shall conclude you no longer care for our publications. A postal 
card will be sufficient notice ', and please attend to it at once. If you 
receive no September number, you will know the probable reason. 

L. H. Bailey, Chief, 

fohn W. Spencer, Deputy Chief, 

Bureau of Nature-Study and Farmer's Reading Course, 

Cornell University, Ithaca, N. Y. 
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TEACHER'S LEAFLET NO. IB. 



HOW PLANTS LIVE TOQETHER. 

L. H. Bailey, 

O THE general observer, plants seem 
to be distributed in a promiscuous 
and haphazard way, without law or 
order. This is because he does not 
and consider. 

'he world is now full of plants. 
:ry plant puts forth its supreme effort 
multiply its kind. The result is an 
;nse struggle for an opportunity to 



«eds are scattered in profusion, but 

y the few can grow. The many do 

find the proper conditions. They 

ran on stony ground. In Pig. 94 this 

loss is shown. The 

trunk of an elm 

tree stands in the 

background. The 
 covering of the 

ground, except 

about the very base 

of the tree, is a mat 

of elm seedlings. 

There are thou- 
sands of them in 

the space shown in 

the picture, so many 

that they make a 

sod -like covering 

which shows little detail in the photograph. Not one of these 

thousands will ever make a tree. 

Since there is intense competition for every foot of the earth's 
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surface that is capable of raising plants, it follows that every 
spot will have many kinds of plant inhabitants. Plants must 
live together. They associate. They become adapted or accus- 
tomed to 
I each other. 
Some can 
lire in 
shade: 
they thrive 
in the for- 
est, where 
sun -loving 
plants per- 
ish. Others 
prefer the 
sun, and 



95. — A plant society waiting for the spring. 



thereby live together. There are plant societies. 

Every distinct or separate area has its own plant society. 
There is one 
association for the 
hard-t r a inped 
door-yard,— k not- 
weed and broad- 
leaved plantain 
with interspersed 
grass and dande- 
lions ; one for the 
fence- row , -briars 
and choke - cher- 
ries and hiding 
weeds ; one for 
the dry open field, 

— Wire-grass and 96.— rfeak, narrow-leaved grasses grow in the 
mullein and scat- cat-tail forest. 

tered docks ; one for the slattern roadside, — sweet clover and 
ragweed and burdock ; one for the meadow swale, — smartweed 
and pitchforks; one for the barnyard, — rank pigweeds and 
sprawling barn-grass ; one for the dripping rock -cliff, — deli- 
cate bluebells and hanging ferns and grasses. Indefinitely might 



these categories be extended. We all know the plant societies, 
but we have not thought of them. 

In every plant society there is one dominant note. It is the 
individuality of one kind of plant which grows most abundantly 
or overtops the others. Certain plant-forms come to mind when 
one thinks of willows, others when he thinks of an apple 
orchard, still others when he thinks of a beech forest. The 
farmer may associate " pussly " with cabbages and beets, but 
not with wheat and oats. He associates cockle with wheat, but- 
not with oats or corn. We all associate dandelions with grassy 
areas, but not with burdocks or forests. 

It is impossible to open ones eyes out-of-doors, outside the 
paved streets of cities, without seeing a plant society. A lawn 
is a plant society. It may contain only grass, or it may contain 
weeds hidden away in the sward. 
What weeds remain in the lawn? 
Only those which can withstand 
the mowing. What are they? Let 
a bit of lawn grow as it will for 
a month, and see what there is 
in it. A swale, a dry hillside, a 
forest of beech, a forest of oak, 
a forest of hemlock or pine, a 
weedy yard, a tangled fence-row, 
a brook-side, a deep quiet swamp, 
a lake shore, a railroad, a river 
bank, a meadow, a pasture, a 
dusty roadway, — each has its 
characteristic plants. Even in 

the winter, one may see these ^._ T he wild grape covers tk e tree- 
societies, — the tall plants still top, and the children play in the 
asserting themselves, others of % r ve £ ht Tke grape is " archi *e 
less aspiring stature, and others 
snuggling just under the snow (Fig. 95). 

Often these societies are in the nature of overgrowth and 
undergrowth — one society living beneath another. Of such 
are forest societies. Few woods are so dark that some plants do 
not grow on the ground, unless they are evergreen or coniferous 
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woods. Even in humbler communities, the overgrowth and 
undergrowth are usually apparent if one looks closely. Separate 
the cat-tails in the dense swamp and see the weak and narrow, 
leaved grasses growing between (Fig.96) . Note the clover, young 
grasses and other plants between the grass in the meadow ; the 
farmer says that his meadow has good " bottom." 

Some plants even grow on top of other plants. It is their 
way of getting light. Of such are the climbers. Note the man- 
tle which the wild 
grape throws over 
the trees (Fig. 97). 
Often the support- 
ing tree is smoth- 
ered and killed. 

When an area is 
newly cleared, 
many plants rush 
for it. Quickly it 
is covered with 
ambitious growths, 
— pokeweeds, fire- 
weeds, thistles, 
briars, nettles. 
Often each plant 
#.-A«,lo,„f<Wur. .nap*, large 

places alone, making clumps or patches. These patches are plant 
colonies, — made up mostly of one species or kind (Fig. 98). But as 
the struggle tightens, other plants insinuate themselves into the 
colony and it is broken up ; a mixed population results. Some- 
times these colonies are broken up by the shade of trees and tall 
bushes which have come up near them, for all neglected areas, 
in this part of the world, tend to return to forest if they are not 
mowed, pastured or burned. Mowed and pastured areas run 
into grass, for the grass withstands the cutting and grazing. In 
burned areas the struggle begins anew when the fire has passed. 
Plant societies are easy of study by the school. * Their study 
appeals to the desire of exploration and adventure, and it adds 
zest to the excursion. Go to a swale, swamp, roadside, forest, 



weedy field or other place, and ask the pupil to note : (i) that 
the flora of the place is unlike that of places with different 
physical features ; (2) that these particular plants grow together 



99.— Two plant societies,-- the close-bitten swardandtke rushy pond. 

because they all can survive under similar conditions; (3) what 
these conditions are, — whether sun, shade, dry soil, wet soil, 



sand, clay, rock ; (4) what particular plant is most abundant o 
gives character to the society. 



< 
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Study one society thoroughly. Make lists of the kinds of 
plants and of the relative numbers of each. If the names of 
the plants are not known, call them by numbers ; make dried 
specimens of them for reference. When another society is vis- 
ited, repeat these observations, and compare one society with 
another. 

Ask every plant why it grows there. 



NOTES. 

It is not yet too late for the planting of spring bulbs, as crocus, 
hyacinth, narcissus and others. Our Quarterly No. 2 contains 
directions for the work. A reprint of these directions can be 
had by making application for it. 

* * * 

The autumn colors and the mode of falling of leaves are sug- 
gestive topics for nature-study in the late fall. 

* * * 

The autumn is a season of activity with birds. They are 
flocking and preparing for their southern journey. Bright 
plumage is not so often seen as in the spring. A large propor- 
tion of the individuals are young and they lack the rich colors 
of the adults, or they have the sober dress of the female. Some 
of the old birds, as the male bobolink and scarlet tanager, have 
donned more inconspicuous garbs and are less visible to their 
enemies while on their southern journeys. The autumn has 
many kinds of birds. Besides our permanent residents like the 
chickadee, nuthatch, bob-white and other species which remain 
at all times, there still linger after the nesting time many 
migrating summer birds to feed on fruits, seeds and grain. 
Among the migrants are most of our warblers, such small 
thrushes as the olive-back and hermit, and many sparrows 
including the sweet-voiced white-throat. The great majority if 
our aquatic birds, and a few bird* of ^rey, are migrants. 
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TEACHERS' LEAFLET NO. 20. 



A HILL OF POTATOES. 




I. P. ROBERTS. 

LANT a hill of potatoes. You can do it 
in the school-room. Plant in a box or a 
flower-pot. Keep the box warm, and do 
not let the soil dry out. Plant whole 
tubers and pieces of tubers. Plant pieces 
of various sizes. Plant some that have no 
' ' eyes. ' ' Plant shallow — so that the tuber 
is just covered with soil — and deep. Watch 
the results. 

All plants are abundantly supplied with 
means for reproducing their kind : some 
by seed, some by multiplication at the crown or base or by roots, 
others by means of underground stems ; and some, as the potato, 
have two or more means of reproduction. In its wild or 
partially improved state, the potato is abundantly supplied with 
fruit, " seed balls/' borne on the top of the stalks. The seeds 
of a single ball often will produce many varieties of potatoes 
and they cannot be depended upon to reproduce the parent 
stock. Farmers seldom attempt to raise potatoes from the seeds ; 
when they do it is for the purpose of securing new varieties. 
The common method of reproduction is to plant a part or all of 
an enlarged underground stem, that is, a part of the "potato " 
or tuber. 

When the soil is reasonably porous and fertile, a strong root may 
start at the seed piece and descend more or less directly into the 
subsoil. In most cases, however, the roots spread laterally. 
This is a good illustration of how plants may vary in their root 
habits in order to adapt themselves to their environment. Notice 
where the roots form on the plants you are growing. Few 
farmers know where they form. Distinguish the true or feed- 
ing roots from the underground stems. Determine how many 



tubers form on each underground stem. Dig up a hill of pota- 
toes from the garden before school closes. 



ioi. Underground part of potato plant in mellow soil. 

A single eye, with a portion of the tuber attached to furnish 
nourishment to the bud until sustenance can be secured from 
newly formed rootlets, may produce one, occasionally more, 
strong upright stems. A most interesting study of manifold 
reproduction may be made even in the winter time by planting 
in a fertile soil a piece of potato containing a single eye. As 
soon as the rootlets begin to start, divide each eye and piece into 
two parts and re-plant. In a few days 
after the rootlets have again started, 
divide the two pieces into four and 
re-plant. This operation may be per- 
formed again and again, until many 
plants suitable for transplanting in 
the open may be secured from a sin- 
gle eye. 
im. Piece of tuber for plant- Demonstrate that the potato con- 
ing, bearing a single ey t^ starch . This can be done by 
applying a drop of dilute iodine to a freshly cut surface of the 
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tuber : the starch grains turn blue-black. Five cents worth of 
Iodine purchased at the drag store will be sufficient for many 
tests. Dilute it about one-half with water. This starch, after 
being changed to sugar, supplies the young plant with nourish- 
ment. Dig up the pieces you have planted and see which start 
first, shoots or roots. 

The "potato" is an enlarged underground stem provided 
with numerous buds similar to those on the stems of plants 
above ground. These buds are placed spirally on the under- 
ground stem or tuber with a considerable degree of uniformity. 



103. How to illustrate the spiral arrangement of the eyes. 

As on the stems of other plants, the buds are less numerous and 
weaker at the base and most numerous and vigorous at the top 
or upper end. On a smooth well developed long potato, the 
spiral arrangement of the buds may be illustrated by sticking a 
tooth-pick or pin in each eye, beginning at the base or stem 
end, and connecting the pins with a string. 

Farm notes on the potato. 

Having seen the potato growing in the school room, some 
information may be given respecting its treatment in the field as 
a crop. 

Potatoes are easily raised, even under adverse conditions, 
although they respond quickly to superior fertility and tillage. 
The average yield in the United States during the last ten years 
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was 76.6 bushels per acre, although from three to four hundred 
bushels per acre are not uncommon under superior tillage when 
soil and climate are at their best. 

The area devoted to potatoes during the last decade was two 
and a half million acres annually. Potatoes do best on a moder- 
ately moist and deep soil and in a climate relatively cool. 

Since the period of growth is short, varying from three to five 
months, they should be planted in soil which has an abundance 
of readily available plant food. Notice in Pig. 101 that most of the 
underground stems which have produced potatoes leave the main 
stem about four inches below the surface and but a short dis- 
tance above the seed-piece. This suggests that the seed should 
be planted about four inches deep. To produce three hundred 
bushels of potatoes requires the exhalation of over three hun- 
dred tons of water : therefore water or moisture is of quite as 
much importance in securing large yields as plant food. 

It is best to prepare the land deeply, to plant deep, and then 
to practice nearly or quite level culture. The practice of hilling 
up potatoes, so common in most parts of the country, is to be 
discouraged, because it is wasteful of moisture and the tubers do 
not grow in the coolest part of the soil. For very early potatoes, 
hilling-up may be allowable. Till the soil very often to save the 
moisture. For the philosophy of this, see leaflet No. 15. 

Not infrequently the potato is seriously injured by blights 
which attack the leaves. The early blight, which usually appears 
in June, may destroy some of the foliage, thereby checking 
growth. The late blight, which also attacks the foliage, is 
far more serious. It differs little in outward appearance 
from the early blight. In rare cases the vines are so seri- 
ously injured that no potatoes are formed. The potato rot 
or blight did great damage to the potato in many localities 
in the United States in 1845. * n l8 4 6 ^ e blight appeared 
in Ireland and virtually destroyed the entire crop. Previous 
to this date the potato had become the chief food supply 
of the peasantry. The cultivation of the oat as a food crop 
had been universal previous to the introduction of the potato, 
but oats furnished so little food on a given area as compared to 
the potato that its cultivation at the time the blight appeared had 
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been very largely abandoned. The loss of the potato crop 
produced widespread famine. The most conservative estimate 
of the numbers who perished for want of food or by disease 
caused by a meager diet of unhealthy and innutritious food is 
set down at six hundred thousand during the two years of the 
potato blight. This disease was not so destructive in 1847 as in 
1846 and by 1848 it had virtually disappeared. Some one has 
said that if Great Britian had expended one dollar for investi- 
gating the diseases of potatoes where she has spent a thousand 
dollars for perfecting the engines of war, the terrible famine 
might have been averted. We now think it a relatively easy 
matter to keep the blight in check by thorough spraying with 
Bordeaux mixture. 

How the potato has been improved. 

All plants have their origin in pre-existing plants. While 
the young plant is always similar to the one from which it was 
derived, it is never exactly like it in every detail. This arises 
from the fact that all of the conditions under which the parent 
plant and its offspring grow are never exactly alike. The vari- 
ations or differences in the plants are usually exceedingly small 
in a single generation, but occasionally they are wide, in which 
case they are called "sports M and are usually difficult to perpet- 
uate. If successive generations of plants are reared under con. 
tinuously improved conditions, there will be a continuous and 
accumulating variation from generation to generation, which in 
time may come to be so great as to make it difficult to discover a 
marked similarity between the wild and cultivated forms of the 
same plant. 

When conditions are undisturbed by man there is found to be 
a fierce struggle for existence, the hardiest or those best suited 
to the conditions preponderate, and this without any reference 
to the wants of mankind. The farmer steps in and selects those 
plants which give promise of being most useful or most beauti- 
ful and then decreases or eliminates the struggle for these 
selected plants, by destroying the plants which are least desira- 
ble, by fertilizing and tilling the soil, by conserving, moisture 
and by improving the physical conditions of the land, thereby 
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making it more comfortable for the plants which he has chosen. 
The selected or "improved" plant, by reason of being more 
comfortable and better nourished, tends to vary in one or more 
directions from the wild and unimproved types. Whenever 
these variations tend towards greater productiveness, better 
quality or enhanced beauty, selection is again made of such 
specimens as give promise of supplying the wants and gratify- 
ing the desires of civilized man. The bettered conditions of 
the plant, by reason of man's effort, do not usually result in pro- 
ducing like variation along all lines. One part of the plant as 
the flower, the fruit or the stem, varies more than, the other 
parts. All this tends to break up a single type or stock into many 
varieties. There are hundreds of varieties of potatoes all tracea- 
ble to a single wild species. The kind and quantity of nourish- 
ment supplied plays the most important part of any single factor 
in producing variation. 

The general character of the cultivated potato plant as to leaf, 
stem, root and habit of growth, is virtually the same as the 
wild plant, variation having been directed and accentuated along 
the line of increasing the size and quality of the underground 
tubers. This habit of producing enormously enlarged stems has 
been operating so long that the plant has inherited the power of 
transmitting this acquired quality to the succeeding plants. 
The most improved varieties seldom produce seed balls because 
growth has been directed so largely toward enlarging and mul- 
tiplying the tubers. By selecting tubers with buds not fully 
developed and avoiding those with deep, sunken eyes, varieties 
have been produced with few eyes or buds and these set not in 
deep indentations but nearly even with the surface of the potato. 
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NOTES FOR THE TEACHER. 

We trust it will be your pleasure to plant some potato tubers 
in your schoolroom and also to make the iodine test for starch as 
has been suggested on pages 188, 189. Or, better still, have 
your pupils plant them, under your supervision. Such experi- 
ments will give them a forceful illustration of two principles 
that pertain to all life : Provision for the future (or for welfare of 
offspring), and excellent methods for attaining such plans. The 
motive of the potato, if we may so speak, is to make the most of 
its opportunity for attaining the greatest perfection and also fort 
perpetuating its kind. The manufacture of starch, and storing 
a quantity for future use, are important factors towards these 
ends. 

That a plant should prepare for its own welfare and also make 
provision for the offspring seem to place it almost on the plane 
of having intelligence. That the industrious honey bee shows 
such foresight is commonly known and the example has long 
been held up for man's imitation. Why should not the potato 
be held in similar admiration? If plants were not provident 
for their future, the world would have an empty cupboard and 
the full dinner-pail would be a meaningless expression. 

We wish to say a word about the philosophy of cooking the 
potato. At first sight the dust-like specks of starch may seem 
too insignificant for much consideration, but you can impress on 
your pupils that the grains they see are on the surface only, and 
that great numbers of other starch grains lie next underneath, 
and that the aggregate in a good sized potato is very great. If 
they ask why a raw potato is not as good food as a raw apple, 
you can explain that each of the starch grains in the potato is 
covered with a film which offers a strong resistance to the diges- 
tive organs of man, but not necessarily of cattle or horses. By 
heat the starch grains are popped open as heat pops open a ker- 
nel of corn. They will easily understand how a kernel of popped 
corn is more digestible than a raw kernel. You can judge best 
whether to tell your pupils that the part of food known as car- 
bohydrates maintains the animal heat of the body. Starch is 
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one of the carbohydrates. There is another element of food in 

the potato not shown by the iodine test. It is called protein, 

which makes blood and muscle. One reason why potatoes cook 

better when placed in hot water instead of in cold water, it that the 

sudden heat coagulates the protein of the surface and retards the 

entrance of water through the mass of the potato and thus tends 

to make them cook less ' 'soggy. " Some potatoes, however, cook 

"soggy " even with the greatest care on the part of the cook. 

This coagulation also prevents the extraction of the protein 

from the interior of the potato. This same principle is illustrated 

in the best method for cooking beefsteak. When the surface 

is quickly seared by heat there is a coagulation of the protein 

at that point of the steak that prevents, as we say, "the escape 

of the juiceis." 

Jno. W. Spbncbr. 

*** 

Planting a plant will be the subject of our solicitude this 
spring. We want every Junior Naturalist to plant something, if 
it is nothing more than a potato. How many children under 14 
years ever planted a plant of their own and cared for it during 
a season ? Soon we shall issue a leaflet on the subject. In the 
meantime be thinking about interesting the children in planting 
something. 

*** 

The Teachers' Home Nature-Study Course is to be improved 
and enlarged. Heretofore we have not been able to give it the 
attention that it deserves. Now we are ready to push it. We 
want you to cooperate with us. We s>hall publish a monthly les- 
son. Any teacher in New York State may enroll. Our Farm- 
ers' Reading- Course has over 20,000 readers. We wish that our 
Teachers' Course were as large. 

*** 
The days are lengthening. Before we are aware, there will 
come a soft and velvet spot in the winter days, known as the 
February thaw. The streams will be bank-full of roistering, 
swirling water. The ice will be tilted along the brook-margins, 
and the sleighing will be patchy. Then we shall wait for the 
first vision of the robin and for the " disembodied voice " of the 
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bluebird. Then will come the epidemic of "spring fever." 
The disease is " catching." 

Try to direct the spring energies of the pupil into resourceful 
lines of work. Be prepared for the "burst of spring.' ' Look 
up questions of birds, bird houses, aquariums, and breeding- 
cages. Always connect the schoolroom observations with the 
things as they exist in the fields. Whenever possible, begin 
the observations in the field rather than in the house. We shall 
be glad to give suggestions. 

With the return of the spring enthusiasm is the time to push 
the organization of Junior Naturalist Clubs. Have you organ 
ized Clubs in your grades ? You will find that the clubs will aid 
you in maintaining interest and discipline in the regular school 
work. We will attend to all the detail of the correspondence, 
and thereby relieve you of any feeling of responsibility. If 
you contemplate organizing a club, write us for particulars and 
instructions. In the State of New York there is no expense to 
either teachers or pupils. 

We desire to keep in the closest possible touch with our many 
thousand teachers. If you have attempted any nature-study 
work, we should like to know what your successes and failures 
have been. Tell us what subjects you find to be the best for 
your conditions. Mention the ages of the children. 

We hope that at some time you have studied twigs. See our 
leaflet on " Four Apple Twigs." The winter twig records an 
astonishing range of history. If your pupils have studied 
twigs in the schoolroom, it is then a good plan to assign each 
one a twig on a tree or bush. Allow the twig to remain on its 
plant, label it, and then let the children watch it as the buds 
swell and the leaves come out. On the first warm day, let them 
make a drawing and description of the twig while it is still • in 
its winter dress. 

L. H, Bailey \ Chief of Bureau of Nature-Study. 
John W. Spencer \ Deputy Chief < 
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TEACHERS' LEAFLET NO. 21. 



A STUDY OF FISHES. 

H. D. REED. 

HE first forms of animal life which 
attract the young naturalist's attention 
are doubtless the birds. These are 
most interesting to him because of their 
beautiful colors, their sweet songs and 
the grace with which they fly through 
the air. But who has watched the fishes 
in a brook or an aquarium and is not 
able to grant them a place, in beauty, 
grace and delicate coloration, equal to 
the birds? To be sure fishes cannot sing, but there are so many 
other interesting facts in connection with their habits and life- 
histories that it fully makes up for their lack of voice. 

The parts of a fish. 

While observing a living fish and admiring its beauty, it will 
probably occur to some of us that a fish consists only of a head and 
tail. But this is not all. Between the head and tail is a part that 
we may call the trunk. It contains the digestive and other 
organs. There is no indication of a neck in a fish. Any such 
constriction would destroy the regular outline of the animal's 
body and thus retard the speed with which it moves through the 
water. But head, trunk and tail are not all. There are attached 
to the outer side of the fish's body certain appendages that are 
called tins. 

Before discussing some of the different kinds of fishes and 
their habits, it will be necessary to learn something about fins, 
for the fins of all fishes are not alike. When a fish moves 
through the water, it bends its tail first to one side and then to 
the other. This undulatory movement, as it is called, pushes 
the fish's body ahead. One can observe the movements easily 
upon a specimen kept alive in an aquarium jar. At the extreme 
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end of the tail there is a broad, notched fin which aids the tail 
in propelling and steering the body. We will call this, the tail 
or caudal fin (Fig. 104, B). In most of our common fishes there 
are seven fins, — six without the caudal. The first of these six 
is a large fin situated near the middle of the back. This is the 
back or dorsal fin (Fig. 104, A). Sometimes we may find a fish 
that has two dorsal fins. In this case the one nearest the head 
is called first dorsal and the next one behind it, the second dor- 
sal. Near the head, in a position corresponding to our arms, is a 
pair of fins which are called the arm or pectoral fins (Fig. 104, E). 
Still farther towards the tail, on the under side of the fish, is 
another pair, corresponding in position to the hind legs of a 

A quadruped. This pair is called the leg 

^^_<^^ or/*/z/zVfins(Fig. io4,D). Just behind 

Se{\*, ju^^ "Sf^» *k e pelvic fins is a single fin, situated 

^^~vf^-4£--~~^fr ^*% on ^ e middle line of the body. This 

*^t c is the anal fin (Fig. 104, C). The 

104- Diagram of a fish to show: pectoral and pelvic fins are called 

A, dorsal fin ; B, caudal fin ; C, . , ^ , ^, 

anai fin; d, pelvic fins ,• E,pec~ paired fins because they are in pair s. 

toral fins ; L, lateral line. ,_., A , - . - 

The others which are not in pairs are 
called median fins, because they are situated on the middle line 
of the body. The paired fins serve as delicate balancers to keep 
the body right side up and to regulate speed. They are also used 
to propel the body backwards. After naming the different fins 
of the fish, in the schoolroom aquarium, it will be interesting 
to observe the uses of each. 

On the side of the body, extending from the head to the cau- 
dal fin, is, in most fishes, a line made up of a series of small 
tubes which open upon the surface. This is called the lateral 
line, and acts in the capacity of a sense organ (Fig. 104, H). Is 
the lateral line straight or curved ? Does it curve upwards or 
downwards? Does the curvature differ in different kinds of 
fishes ? Do all the fishes you find possess a lateral line ? Is the 
lateral line complete in all fishes, — i.e., does it extend from the 
head to the caudal fin without a single break ? 



Where fishes spend the winter. 
As winter approaches and the leaves fall and the ground 
becomes frozen, the birds leave us and go farther south into 
warmer climates where food is more abundant. We are all 
familiar with this habit of the birds, but how many of us know 
or have even wondered what the fishes have been doing through 
the cold winter months while the streams and ponds have been 
covered with ice? Before the warmth of spring comes to raise 



the temperature of the streams, let us go to some familiar place 
in a brook where, during the summer, are to be found scores of 
minnows. None are to be found now. The brook shows no 
signs of ever having contained any living creatures. Suppose 
we go farther up or down the stream until we find a protected 
pool the bottom of which is covered with sediment and water- 
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soaked leaves. With our net we will dip up some of the leaves 
and sediment, being sure that we dip from the very bottom. On 
looking over this mass of muddy material we may find a 
fish two or three inches long, with very fine scales, a black back, 
a silvery belly and a blackish or brown band on the side of the 
body extending from the tip of the nose to the tail. This is the 
Black-nosed Dace (Fig. 105). If specimens of this fish are caught 
very early in the spring, one will be able to watch some interest- 
ing color changes. As the spawning time approaches the dark 
band on the sides and the fins change to a bright crimson. 
Sometimes the whole body may* be of this gaudy color. During 
the summer the lateral band becomes orange. As the season 
goes, the bright colors gradually fade until finally, in the fall and 
winter, the little black- nose is again clothed in his more modest 
attire. A great many of the fishes, and especially the larger 
ones, seek some deep pond or pool in the stream at the approach 
of winter, and remain near the bottom. If the pond or stream 
is so deep that they do not become chilled, they will remain 
active, swimming about and taking food all winter. But when 
the stream is very shallow and the fishes feel the cold, they set- 
tle down to the bottom, moving about very little and taking little 
or no food. . The carp collect in small numbers and pass the 
winter in excavations that they make in the muddy bottom. If 
the debris thrown up by the water across the marshy end of a 
lake be raked over during the winter, one will probably find some 
of the smaller catfishes spending the season in a semi-dormant 
state. 

Some interesting experiments may be tried with the fishes in 
the aquarium jar. Keep them for a few days where it is cold 
and then bring them into a warmer room and note the difference 
in their activity. 

The common Catfish or Bullhead. 

This sleepy old fellow differs in many respects from most of 
our common fishes. He has no scales. About the mouth are 
eight long whisker-like appendages, called barbels (Fig. 106). 
Perhaps he is called catfish because he has whiskers about his 
mouth like a cat. Anyone who has ever taken a catfish from the 
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hook probably knows that care is needed in order not to receive 
a painful prick from the sharp spines in his pectoral and dorsal 
fins. 

There is nothing aristocratic about the catfish. In warm 
pools and streams where the water is sluggish and the muddy 
bottom is covered with weeds, he may be found moving lazily 
about in search of food. His taste is not delicate. Animal sub- 
stance, whether living or dead, satisfies him. When in search 



106.— The common Catfish or Bullhead. 

of food he makes good use of his barbels, especially those at the 
corners of his mouth which he uses as feelers. The catfish will 
live longer out of water than most of our other food fishes. They 
Will live and thrive in water which is far too impure for ' ' pump- 
kin seeds" or bass. They spawn late in the spring. The 
mother fish cares for her young much as a hen cares for her 
chickens. When they are old enough to take care of them- 
selves, she weans them. 

The common Sun-fish or Pumpkin Seed. 

Some evening just at sunset visit a quiet pool in a nearby 

stream. Drop in your hook baited with an "angle worm " 

and presently the dancing cork shows that you have a " bite." 
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On "pulling np" you find that you really have a fish. It is a 
beautiful creature, too, — thin flat body shaped something like 
the seed of a pumpkin. His back is an olive green delicately 
shaded with blue. His sides are spotted with orange, while his 
belly is a bright yellow. His cheeks are orange-color streaked 
with wavy lines of blue. Just behind his eye on his "ear-flap " 
a bright scarlet spot. This is the common Sun-fish or 
Pumpkin Seed (Fig. 107). He is a very beautiful, aristo- 
cratic little fellow, "looking like a 
brilliant coin fresh from the mint." 
Keep him alive in an aquarium 
jar with a shiner. Compare the 
two fishes, as to the size and shape 
of their bodies and fins. Feed them 
different kinds of food, such as 
worms, insects and crackers, and 
 try to discover which they like best 
and how they eat. 

Thesun- fishes preferquiet waters. 
They lay their eggs in the spring 
of the year. The female selects a 



107.— nu ■common Smt-fish or t near the banks of the stream 
Pumpktn-seed. , , 

or pond where the water is very 

shallow and contains an abundance of water plants. Here she 
clears a circular area about a foot in diameter. After making an 
excavation of three inches or more in the gravel or sand, the nest 
is completed. The eggs are then deposited in the basin-like 
excavation. She watches her nest and eggs with great diligence, 
driving away other fishes that chance to come near. 

The Black Basses. 
The black basses are not usually found in small streams 
where it is most pleasant for teachers and pupils to fish. They 
are fishes which seek the rivers and lakes. There are two kinds 
of black bass, the Large-mouthed and the Small-mouthed. As 
the name indicates, the two may be distinguished by the size of 
the mouth. In the large-mouthed black bass, the upper jaw 
extends to a point behind the eye, while in the small-mouthed 



species it extends to a point just below the middle of the eye 
(Fig. 108). 

Both kinds of black bass may be found in the same body of 
water. The character of the bottoms over which they are found, 
however, differs. The 
small-mouthed prefers the 
stony bars or shoals. The 
large-mouthed, on the con- 
trary, selects a muddy 
bottom grown over with 
reeds. They feed upon 
crayfish ("crabs"), min- 
nows, frogs, worms, tad- 
poles and insects. Our 
black basses are very queer 

parents. They prepare a, Io8 ,_ AduU Small-mouthed Black Bass. 
nest in which the eggs are 

deposited. Both male and female are very courageous in the 
defence of their eggs and young. As soon as the young fishes 
are able to take care of themselves the parent fishes leave them, 
and after that time may even feed upon their own children. 
The Stickleback. 
The sticklebacks are queer little fellows indeed (Fig. 109). 
The slender body, extremely narrow tail, and the sharp, free 

spines in front 
of the dorsal 
fin, give them 
at once the 
=~^^ appearance of 
both an ac- 
tive and a 
pugnacious 
109.- A. Stickleback. little crea- 

ture. The sticklebacks are detrimental to the increase of other 
fishes since they greedily destroy the spawn and young of all fishes 
that come within their reach. They build nests about two inches 
in diameter, with a hole in the top. After the eggs are laid the 
male defends the nest with great bravery. The little five-spined 
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brook stickleback in the Cayuga Lake Basin, N. Y., is most 
commonly found in stagnant pools, shaded by trees, where the 
water is filled with decaying vegetable matter, — the so-called 
" green frog-spawn " (spirogyra), and duck weed. If you sup- 
ply the sticklebacks with plenty of fine vegetable material, vou 
may induce them to build a nest in the aquarium jar, but they 
must be caught and placed in the jar early in the season before 
they spawn. 

The Johnny Darters. 

In New York State, every swift stream which has a bed of 

gravel and flat stone ought to contain some one of the Johnny 

darters, for there are a great many different kinds (Fig. no). 

They are little 

=_ '■- -- : ._ creatures, de- 

— ==>-- :;_._■_ lighting in clear 

water and swift 
currents where 
Ithey dart about, 
s biding under 
stones and 
leaves, or resting 
on the bottom 
with their heads 
up-stream. The 
ua.— A Johnny Darter. body of a darter 

is compact and 
spindle-shaped, gradually tapering from the short head to a 
narrow tail. The eyes are situated nearly on top of the head. 
The color of the darters varies greatly with the different 
kinds. Some are very plain, the light ground color being 
broken only by a few brown markings. Others are gor- 
geous in their colorings, it seeming as if they had attempted 
to reproduce the rainbow on their sides. Such kinds are 
indeed very attractive and are ranked with the most beauti- 
fully colored of all our common fishes. When a darter swims, he 
appears bird-like for he flies through the water much as a bird 
flies through the air. He does not use his tail alone in swim- 
ming, as the catfish, the sunfish, the stickleback, and most of 
the other fishes do, but flies with his pectoral fins. 
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You surely must have a Johnny darter in your aquarium jar. 
The Johnnies are true American fishes. Though small, they 
face the strong currents and eke out a living where their larger 
cousin, the yellow perch, would perish. There are many inter- 
esting facts which may be learned from the Johnny darters 
when kept alive in an aquarium. When not actually moving in 
the water, do the Johnnies rest on the bottom of the jar or 
remain suspended in the middle apparently resting on nothing 
as the other aquarium fishes do ? When a fish remains still in 
the middle of the jar, he does so because he has a well -developed 
air-bladder to help buoy him up and when a fish dies it is the 
air-bladder which causes him to turn over and rise to the top. 
Now if the Johnnies always rest on the bottom of the jar when 
not swimming and if one happens to die and does not rise to the 
top we may know that, if he has an air-bladder at all, it is only 
a rudimentary one. It would be interesting also to find out for 
ourselves if a Johnny darter can really "climb trees.' ' (I mean 
by trees, pf course, the water plants in the aquarium jar), or if 
he can perch upon the branches like a bird. 

The Minnows. 

All the small fishes of the brooks are called minnows, or more 
often " minnies," by the boy fisherman. The boy believes that 
they grow into larger fishes. This is not true. The minnows 
are a distinct group of fishes and, for the most part, small ones. 
They do not grow to be bass or pike or sunfishes or anything 
else but minnows. Some of the minnows, however, are com- 
paratively large. Two of these are the Creek Chub (Fig. 105), 
and the Shiner (Fig. 105). The chub is the king of the small 
brooks, being often the largest and most voracious fish found in 
such streams. His common diet probably consists of insects and 
and worms, but if very hungry he does not object to eating a 
smaller fish. During the spawning season, which is springtime, 
the male chub has sharp, horny tubercles or spines developed 
upm the snout. We are able to recognize the Creek chub by 
means of a black spot at the front of the base of the dorsal fin. 

The shiner or red-fin has much larger scales than the chub. 
The back is elevated in front of the dorsal fin, giving him the 
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appearance of a hump-back. His sides are a steel-blue with sil- 
very reflections. While the shiner is not the largest, it is almost 
everywhere one of the most abundant brook fishes. In spring 
the lower fins of the male become reddish. Like the chub, he 
has small horny tubercles developed on the snout. 

Random notes. 
Did you ever see a fish yawn ? Watch a shiner in your aqua- 
rium. Sometimes you may see him open his mouth widely as 
though he was very sleepy. Again you may find him resting on 
the bottom of the jar taking a nap. Fishes cannot close their 
eyes when they sleep for they have no eyelids. 

A convenient way to collect fishes for the schoolroom aquarium 
is to use a dip net. The .ordinary insect net will do but it is 
better to replace the cheesecloth bag 
by a double thickness of mosquito- 
bar, thus enabling one to move the 
net through the water more rapidly. 
By dipping in the deep pools, among 
grasses and under the banks with such 
a net, one can soon obtain fishes enough 
to stock an aquarium (Fig. m). The 
; aquarium jar should never be placed 
in the sun. It is better to have only 
iii.-AconvtKitnisormofavuariHHtthree or four fishes in an aquarium at 

far supplied tnlh w*W plants. - , ,. 

Th/tolrom is covered nitA rteanOlKZ time. Some flat St6ueS On the 

bottom of the jar will afford them 
convenient hiding places. For further notes on aquaria, consult 
Leaflet No. n. 



THE STORY OF A TERRARIUM FROM FALL 
UNTIL SPRING. 

ALICE I. KENT. 

And Nature, the old nurse, took 

The child upon her knee, 
Saying : ' ' Here is a story book 
Thy Father has written for thee." 

— Longfellow to Agassis. 
Fortunate are the children and the teachers who are so placed 
that Nature's story book is close at hand. But city children and 
their teachers need not despair, for the old nurse is loving and 
bountiful and will rewrite, in living characters, many a page from 
the wondrous book, for those who care to read. One such a page 



112. — Life in the tertarium. 

may be a terrarium, — a confined plot of earth on which things 
may live and grow. (From terra "earth," asaquarium is from 
aqua, "water.") Within its narrow confines, the whole drama 
of the beautiful life of many a tiny creature may be rewritten. 

Here is a fragment of the drama, as written in one terrarium. 

This terrarium was made from an old berry-crate (Figs. 112, 
113). When the children saw it first, last (all, this is what it 



looked like : a large rectangular box, grass-green in color, thirty- 
nine inches long, eighteen inches wide and fifteen inches high. 
The long sides were of glass, the short sides and top of green 
wire netting. The top could be removed like the lid of a box. 
It stood upon a pedestal -table provided with castors. In the 
bottom of the terrarium were three inches of rich soil, covered 
with the delicate green of sprouting grass-seed. In one corner 
was a mossy nook, and in another a mass of thistles and clover. 
At one end, a small cabbage was planted, and at the other lay 
several sprays of glossy pin-oak. Suspended from the top, was 
a large spray of purple thistles. 



113. — Butterfly-time in the terrarium world. 

Amongst the thistles in the corner, ten pendants of vivid 
green, bright with golden points, could be seen. They were the ' 
chrysalides of the monarch, or milkweed butterfly. Amongst 
the cabbage leaves, were many of the pale green eggs and several 
of the caterpillars of the cabbage butterfly. Amongst the sprays 
of oak in the corner, several oak caterpillars were feeding. 

Before many days had passed, the drama of life began. One 
by one, the chrysalides of the milkweed butterfly paled in color 
and, becoming transparent, showed through their whitened walls 
the orange colored wings of the developing butterflies within. 
They then burst, freeing their gorgeous tenants. This happened 
until there were seven butterflies in the terrarium. As two of 
these proved discontented with their new home, they were set 
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free. The five others spent the little round of their serial life 
seemingly happy and satisfied. They lived from three to six 
weeks and showed some individuality in their tastes and habits. 
Sometimes they chose the mossy corner for their resting place. 
On other occasions, they preferred the netting at the ends and 
top of the terrarium. In fact, the netting at the ends of the ter- 
rarium was a source of pleasure to these butterflies, as it served 
as a secure resting place and an agreeable and convenient path- 
way to the top. One of them spent nearly all its life on the 
thistles suspended from the top. These thistles were kept fresh 
a long time by placing their stems in a large sponge which was 
frequently drenched with water. 

The butterflies showed some individuality in their eating also. 
Thistle, clover, golden-rod, nasturtiums and honey-suckle were 
offered to them. The thistle and the golden-rod were most fre- 
quently visited and, next to these, the nasturtiums were most 
favored. Another fact noted was that most of the butterflies con- 
tinued to visit the flower first chosen. When, however, a thicksyrup 
of sugar and water was offered, the flowers were much neglected, 
only one butterfly persisting in flower-visiting. Golden-rod was 
its choice. If the syrup were fresh-made every morning and 
placed in a convenient spot, the butterflies never failed to sip it. 
They generally slept clinging to the wire-netting at the ends or 
top of the terrarium. 

In the meantime, the cabbage began to attract the watchful 
eyes of the wondering children. As it had industriously sent out 
many tiny roots, it proved a safe and satisfactory . home for its 
hidden occupants. Shortly, one by one, the caterpillars began to 
appear at the edges of the uppermost leaves. Then small tours 
in the vicinage of the cabbage were begun and, finally, as with 
the butterflies, the end wire nettings proved to be an easy path- 
way to the top of the terrarium. Here several found good rest- 
ing places and slowly changed so chrysalides. 

One day a cabbage butterfly obligingly flew in at the open 
window. It was caught and placed in the terrarium. It, too, 
proved to be very fond of sugar syrup. One morning, the syrup 
was accidentally spilled on the wooden ridge at the bottom of the 
terrarium outside of the netting. The butterfly was so hungry 
that it could not wait for food more conveniently placed, so it 



stretched its tongue out, full length, through the netting, and 
in that way obtained it. The children were surprised to find its 
tongue somewhat longer than its body. 

At this time, the cabbage was removed so that the eggs and 
the remaining young caterpillars could be observed. The pro- 
tecting coloring of the eggs and caterpillars was first noticed. 
One little boy at first announced that the caterpillars were green 
because they were not ripe, a good example surely of the dan- 
ger of reasoning from analogy ! 

Very soon the inhabitants of this terrarium world began to 
increase. A father and two mother grasshoppers and a young 
one, with his "armor on," came to live there ; also a woolly bear, 
several other species of caterpillars, several species of beetles, a 
big horse-fly, some lady-bugs and a cicada. About this time, 
too, some very unwelcome immigrants appeared. These were 
the ichneumon flies. So numerous did they become in a very 
short time, that they threatened desolation to this prosperous 
community. Nature's methods were then scrutinized and the 
services of two tree-toads were sought. Their response was im- 
mediate and cordial. Soon not an ichneumon fly could be found. 

The grasshoppers were partial to celery, over-ripe bananas 
and moisture. Three days after they became inhabitants of this 
miniature world, the mother grasshopper dug a hole in the ground 
and laid eggs. The children then had before them living illus- 
trations of the three stages of grasshopper life. 

The tree-toads were both amusing and accommodating, for 
they, too, liked the wire-netting at 

8 the ends of the terrarium, and de- 
lighted the children by climbing up 
a foot over foot, or hand over hand, like 
I odd four-handed sailor boys (Fig. 
1 114). This brought into plain view 
i the tiny suckers on their feet, 
j After the ichneumon flies had dis- 
"■ appeared, a new difficulty arose. The 
114,-fravdovarkand. Rround became moldy, and the grass 
died down. The terrarium was then 
placed by an open window and left there several hours for 
a number of days until it was thoroughly dried out. Then 
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bird-seed was planted and the ground was watered thereafter 
with a small plant syringe. This gave sufficient, but not 
excessive moisture, and it was one of the pleasures of the 
children to imitiate a rainy day in the terrarium world. And it 
was a pleasing experience, for there were splashes of water on 
the glass sides and many shining drops on the netting and ver- 
dure, which soon grew several inches tall ; there was the same 
delightful odor of rich fresh earth that one enjoys during sum- 
mer rains, and the sunshine touched with brilliancy the gay fall 
flowers and the gorgeous outspread wings of the butterflies. 

At this time the terrarium had an annex in the shape of a 
wooden box, a foot square, with a gauze top. Here lived two 
mother spiders with their egg-balls carefully hung on the cob- 
web beams of their homes. A beautiful yellow silk egg-ball was 
found out o£ doors, one day, and when it was carefully opened 
to show the eggs with which it was filled, the gratifying discov- 
ery was made that these eggs were hatching. They were very 
tiny and very numerous. They were inclosed in a silken pouch 
and were the exact color of its lining. When resting the little 
spiders seemed to hold their legs under the body, and they were 
so small and so like the egg in general appearance that if they 
had not run about when disturbed they would never have been 
discovered. As soon as the egg-ball was opened, they exploited 
their one talent, for they ran out on the fingers of the person 
who held the ball and then suspended themselves by almost 
invisible threads from all parts of the fingers. When they were 
to be returned to the egg ball, they were gently pushed up. 
They then obligingly ran back into their silken home, which 
was carefully closed as before. These little ones were kept a 
a week or ten days and were then allowed to escape and estab- 
lish homes for themselves. The life history of the spider was 
thus completed, although unfortunately the adult spiders did not 
belong to the same species as the young ones. 

To return to the terrarium : It was now early in November 
and each day found one or more of the terrarium inhabitants 
missing. One of the caterpillars disappeared and a cocoon made 
of its own hair was found in its place ; several chrysalides were 
found on the top of the terrarium ; the butterflies and the grass- 
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hoppers, one by one, went into that sleep from which there is no 
awakening and a number of the other creatures disappeared. 
The children finally concluded that the latter had gone to sleep 
in the ground. The grasshoppers and the tree-toads were the 
last to take their rest, but just before they answered Mother 
Nature's call to slumber, a large garden toad came to bear them 
company. 

He was a very interesting toad for he bore signs of having 
lived through what must have been almost a tragedy. He had 
lost the lower half of one front leg and had the scar of a long 
gash on his throat. These disfigurements did not cause him the 
least unhappiness for he had a very bright wide-awake expression 
and was as plump and complacent as a toad should be. The loss 
of his leg caused him a little inconvenience for he sometimes 
lost his balance when hopping and fell on his back. He occa- 
sionally found it difficult to right himself at once but a few 
vigorous kicks and jumps generally placed him right side up. 
Three days after he became a member of the terrarium com- 
munity, he, too, heard Mother Nature's call to bed, and partially 
buried himself. Each day he covered himself more completely 
until finally only the top of his head and two sleepy eyes were 
to be seen. One day, about a week afterward, he disappeared 
entirely. He proved to be a very restless sleeper, and frequently 
showed himself during the sunniest parts of nearly every day 
all winter, occasionally coming entirely out of his earthy cover- 
ing. He served as a sort of barometer all winter, appearing 
and disappearing according to bright or gloomy weather. He 
never, however, left the spot he had chosen for his bed. 

" Winter is the night of the year," and the little terrarium 
world indoors exemplifies it as truly as the great fields of Nature's 
domain out of doors. The soil is dry and hard in this miniature 
world and the verdure has dried down to palest green and brown. 
In ite earthy bed, the caterpillars, beetles, and other creatures, 
lie cozily asleep, and with the masses of tiny eggs, await the 
vivifying touch of spring. 
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PLANTING A PLANT. 

I«. H. BAILEY. 

OST persons are interested in plants, even 
though they do not know it. They enjoy the 
green verdure, the brilliant flower, the grace- 
ful form. They are interested in plants in 
general. I wish that every person were 
interested in some plant in particular. There 
is a pleasure in the companionship merely 
because the plant is a living and growing 
thing. It expresses power, vitality. It is a complete, self- suffi- 
cient organism. It makes its way in the world. It is alive. 

The companionship with a plant, as with a bird or an insect, 
means more than the feeling for the plant itself. It means that 
the person has interest in something real and genuine. It takes 
him out of doors. . It invites him to the field. It is suggestive. 
It inculcates a spirit of meditation and reflection. It enables 
one to discover himself. • 

I wish that every child in New York State had a plant of its 
own, and were attached to it. Why cannot the teacher suggest 
this idea to the pupils? It may be enough to have only one 
plant the first year, particularly if the pupil is young. It mat- 
ters little what the plant is. The important thing is that it 
shall be alive. Every plant is interesting in its way. A good 
pigweed is much more satisfactory than a poor rosebush. The 
pupil should grow the plant from the beginning. He should 
not buy it ready grown, for then it is not his, even though he 
own it. 

It is well to begin with some plant that grows quickly and 
matures early. One is ambitious in spring, but his enthusiasm 
may wither and die in the burning days of summer. • If possi- 
ble, grow the plant in the free open ground ; if this is not feasi- 
ble, grow it in a pot or box or tin can. Take advantage of the 
early spring enthusiasm. Choose hardy and vigorous plants : 
sow the seeds when the "spirit moves." 



2l6 

If one is interested in kitchen-garden vegetables, recommend 
lettuce and radish, or a potato. If in flowers, suggest sweet 
pea, bachelor's button or blue-bottle, annual phlox, candytuft. 
If in fruits, suggest strawberry. 

*** 
We desire to inaugurate a general movement this spring for 
the planting of plants. The school ground should be planted. 
Private yards should be planted. Roadsides should be planted. 
In some cities and villages there are committees or other organ- 
izations whose object it is to encourage planting of public and 
private places. Sometimes this organization is connected with 
the school interest, sometimes with a local horticultural or agri- 
cultural society, sometimes with a business men's organization. 
There should be such a committee in every village and town. 
We wish that the teachers might help in this work, for they 
would not only be lending their aid to planting, but would be 
investing their pupils in some concrete and useful work, and 
would teach them the value of public spirit. Arbor day should 
be more than a mere ceremonial. It should be a means of 
awakening interest in definite plans f6r the adornment of the 
neighborhood and in directing the attention of the children 
nature-ward. 

The Bureau of Nature Study will be glad to aid in any such 
movement in the State, so far as it may be able. We shall be 
glad to suggest kinds of plants, methods of organization, and 
the like. We have issued several papers on planting, and these 
are now available: Bulletin 122, " Hints on the Planting of 
Shrubbery ;" Bull. 160, ' ' Rural School Grounds ; " Bull. 161, 
"Annual Flowers ;" Nature-Study Leaflet No. 4, "A Children's 
Garden;" Leaflet No. 15, "A Handful of Soil" (Part 2). 
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A CHAT WITH THE READER. 

HIS issue is intended to complete the publication 
of the Nature-Study Quarterly and the Teacher's 
Leaflets . It is an opportune time, therefore, to 
have a confidential chat with the reader. 

Why the publication ceases. 

We cease the publication of this Quarterly because we feel 
that we now have sufficient Leaflets to enable us to prosecute 
our mission with efficiency, and because we desire to utilize our 
funds and energies to intensify the work that is now in progress. 
We began the publication of the Leaflets because we had no 
literature that seemed to be adapted to our needs. It has never 
been our purpose to continue the publication of Leaflets indefi- 
nitely. We wanted to make a sufficient number to cover a fairly 
wide range of subjects, and thereby to suggest useful topics and 
live methods for the needs of teachers in all parts of the State 
and under various conditions. These publications, begun in 
1896, now comprise lessons on about 30 topics. These topics are 
sufficient in number to enable any teacher to choose lessons for 
a year's work, or to suggest related lines of inquiry. These 
Leaflets are to be kept in print. They are a part of our working 
capital. The more they are used, the more useful they will be. 
Every year the teacher has new pupils. It is easier for the 
teacher to instruct in the old and familiar topics than to feel that 
he is obliged to take up new ones each year. We hope that 
many new topics will be taken up, for a novel subject often 
renews the zeal of the teacher ; but the teacher who can use 
these Leaflets can easily work out other subjects for himself, 
and we shall be glad to help him with personal suggestions. 
We fear that to continue to publish Leaflets would be to dissipate 
our efforts rather than to centralize and intensify them. 

A turning point in our work. 

We feel that we have now come to the close of the first epoch 
in our nature-study work. So far, the effort has been largely a 
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propagandist movement. The work was new. By every legiti- 
mate means it must be brought to the attention of the school 
teachers in &ew York State. It must be advertized. 

This preliminary work has now been largely done. Probably 
every teacher in the State has heard of the work, directly or 
indirectly. Not all teachers desire to take up nature-study 
work. It is not desirable that all of them, nor perhaps even 
half of them, should undertake it* Nature-study must take its 
place and chances with other school work . We have had an 
opportunity to discover those persons who desire to work in 
nature-study lines. With these persons we desire to come into 
closer contact, adding to our list all those who feel that they are 
called to teach these subjects. We want to give more direct and 
personal help. We want to extend and increase the work by 
intensifying it rather than by spreading it. We feel that our 
most serious and effective work has only just begun. 

Is nature-study on the wane f 

Real nature-study cannot pass away. We are children of 
nature, and we have never appreciated the fact so much as we 
do now. But the more closely we come into touch with nature, 
the less do we herald the fact abroad. We may hear less about 
it, but it will be because we are living nearer to it and have 
ceased to feel the necessity of advertizing it. 

Much that is called nature-study is only diluted and sugar- 
coated science. This will pass. Some of it is mere sentiment- 
alism. This also will pass. With the changes, the term 
nature-study may fall into disuse ; but the name matters little so 
long as we hold to the essence. 

All new things must be unduly emphasized, else they cannot 
gain a foothold in competition with things that are established. 
For a day, some new movement is announced in the daily papers > 
and then, because we do not see the head lines, we think that 
the movement is dead ; but usually when things are heralded 
they have only just appeared. So long as the sun shines and 
the fields are green, we shall need to go to nature for our inspira- 
tion and our respite ; and our need is the greater with every 
increasing complexity of our lives. 
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What is nature-study f 

It is a point of view. It is the acquirement, of sympathy 
with nature, which means sympathy with what is. 

As a pedagogical ideal, nature-study is teaching the youth to 
see and to know the thing nearest at hand, to the end that his 
life may be fuller and richer. Primarily, nature-study, as the 
writer conceives it, is not knowledge. He would avoid the leaf- 
let that gives nothing but information. Nature-study is not 
method. Of necessity each teacher will develop a method ; but 
this method is the need of the teacher, not of the subject. 

Nature-study is not to be taught for the purpose of making 
the youth a specialist or a scientist. Now and then, a pupil will 
desire to pursue a science for the sake of the science, and he 
should be encouraged. But every pupil may be taught to be 
interested in plants and birds and insects and running brooks, 
and thereby his life will be the stronger. The crop of scientists 
will take care of itself. 

It is said that nature-study teaching is not thorough and 
therefore is undesirable. Much that is good in teaching has 
been sacrificed for what we call " thoroughness/ ' — which in 
many cases only means a perfunctory drill in mere facts. 
One cannot teach a pupil to be really interested in any natural 
object or phenomenon until the pupil sees accurately and reasons 
correctly. Accuracy is a prime requisite in any good nature- 
study teaching, for accuracy is truth and it develops power. It 
is better that a pupil see twenty things accurately, and see them 
himself, than that he be confined to one thing so long that he 
hates it. Different subjects demand different methods of teach- 
ing. The method of mathematics cannot be applied to dande- 
lions and polliwogs. 

The first essential in nature-study is to see what one looks at. 
It is positive, direct, discriminating, accurate observation. The 
second essential is to understand why the thing is so, or what it 
means. The third essential is the desire to know more, — and 
this comes of itself and thereby is unlike much other effort of 
the schoolroom. The final result should be the development of 
a keen personal interest in every natural object and phenomenon. 

So far as possible, nature-study should be spontaneous. To 
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make it a formal part of school work, leading to perfunctory 
examinations, is to take the life out of it. We do not expect 
that the Leaflets will be used as texts. They are merely sugges- 
tions to teachers, designed to indicate the kinds of subjects that 
may be taken up with profit, to give subject-matter, and to point 
a way in which the subject may be taught. 

The purpose of our work. 

To improve agriculture is the purpose of our nature-study 
work. We believe that the most fundamental thing we can do is 
to give a new enthusiasm and a new point of view to the coming 
farmer. IS or do we hold that the coming farmer alone should be 
reached in order that farming be improved : we want to do some- 
thing to elevate the tone of country living, and this can be done 
only when a general public sentiment is awakened. No longer 
is the farmer a man by himself : he is a man among men. 

Our work is maintained by a state appropriation, given for the 
extending of agricultural knowledge. There are several lines 
of work conducted under the auspices of this state law, of which 
the nature-study movement is one. A coordinate movement is 
the Farmer's Reading-Course, in which nearly 30,000 New York 
farmers are now enrolled. A Reading-Course for Farmer's 
Wives is lately established, and about 6,000 women are enrolled 
in it. The literature which all these people read is prepared 
and furnished by the College of Agriculture. The Farmer's 
Reading-Course extends through three years, six Lessons being 
taken up each year. The eighteen Lessons comprise series on 
The soil, 

Animal husbandry, 
Orcharding. 

The Lessons are elementary statements of principles, with 
applications to the familiar work of the farmer. It is now pro- 
posed to introduce these Lessons as texts into such rural schools 
as desire to take up distinctly agricultural work, and this endeavor 
has been approved by Hon. Charles R. Skinner, Superintendent 
of Public Instruction. 

While we desire to reach all the schools with the purpose of 
improving country life, we do not believe it to be wise to make 



223 

the teaching of technical agriculture compulsory in any school, not 
even in the rural districts. To force the teaching of agriculture 
is to make it perfunctory and of no avail. The teacher must be 
trained. Public sentiment must be awakened. A desire must 
be created. It is a question whether any technical or profes- 
sional work should be introduced into the elementary schools ; 
but it is always advisable to awaken the pupil's interest in the 
things with which he lives. 

How to make the rural school more efficient is one of the most 
difficult problems before our educators, but the problem is larger 
than mere courses of study. Social and economic questions are 
at the bottom of the difficulty, and these questions may be beyond 
the reach of the educator. A correspondent wrote us the other 
day that an old teacher, in a rural school, who was receiving $20 
a month, was underbid 50 cents by one of no experience, and 
the younger teacher was engaged for $19.50, thus saving the 
district for the three months* term the sum of $1.50. This is an 
extreme case, but it illustrates one of the rural school problems. 

One of the difficulties with the rural district school is the fact 
that the teachers tend to move to the villages and cities, where 
there is opportunity to associate with other teachers, where there 
are libraries, and where the wages are sometimes better. This 
movement is likely to leave the district school in the hands of 
younger teachers, and changes are very frequent. To all this 
there are many exceptions. Many teachers appreciate the 
advantages of living in the country. There they find compensa- 
tions for the lack of association. They may reside at home 
Some of the best work in our nature-study movement has come 
from the rural schools. We shall make a special effort to reach 
the country schools. Yet, it is a fact that new movements usu- 
ally take root in the city schools and gradually spread to the 
smaller places. This is not the fault of the country teacher, but 
it comes largely from the fact that his time is occupied by so 
many various duties, and that the rural schools do not have the 
advantage of the personal supervision that the city schools 
have. 
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In conclusion. 

In conclusion, let us say that we are not committed to any 
line of work to the exclusion of others. We hope that we have no 
pedagogical theories. We desire to adapt the work to conditions, 
so long as it promises useful results. We shall continue the 
publication of the Junior Natqralist Monthly. If necessary, we 
shall be glad to prepare leaflets on special topics in which the 
rural schools are interested, thus supplementing the effort to 
introduce the Farmer's Reading-Lessons into schools. 

The summer school for nature-study, held at Cornell Univer- 
sity, has been discontinued, at least for the time being. This 
school was successful and we should like to continue it ; but it 
seemed to us that it did not prove to be the most efficient way of 
forwarding the agricultural work that we have in hand. The 
State fund is given for the extension of agricultural knowledge. 
By means of the summer school, we had hoped to interest and 
help the country teacher ; but after two years' effort, we found 
that the teachers who came to us were largely those from the 
cities who were interested in nature-study primarily from the 
professional and pedagogical points of view. We concluded, 
therefore, that we could better forward the specific purposes of 
the State law by expending the money in other ways. 

Whatever success may have been attained in this nature-study 
work, has been due in great part to the ready cooperation of the 
State Department of Public Instruction and of the teachers and 
parents of the State. We believe that the work has now only 
passed its initiate stage, and that the real and substantial pro- 
gress is yet to come. We ask the aid of every person who is 
interested in the agricultural status. Half the people must 
always live in the country. We are glad that this is so. The 
other half draws its support and much of its vitality from the 
country. Every person is interested in country life. 

L. H. Bailey. 

List of the Teacher's Leaflets and Related Literature. 

The Teacher's Leaflets issued by the College of Agriculture of 
Cornell University number 22. With these Leaflets other 
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nature-study literature has been published. A complete list of 
all these articles is given below. 

In some of the earlier numbers were included articles for the 
Junior Naturalists," but at the present time such articles are pub- 
lished separately in the Junior Naturalist Monthly ; these 
monthlies are not included in the following list. After the first 
13 Leaflets, the publication took the form of a Quarterly. 

Leaflet No. i. How a Squash Plant Gets out of the Seed. December, 1896. 

L. H. Bailey. 

Also notes for the Teacher. * 

No. 2. How a Candle Burns. February, 1897. George W. Cavanaugh. 

Notes for the Teacher. 
No. 3. Four Apple Twigs. April, 1897. L. H. Bailey. 

Notes for the Teacher. 

1 

No. 4. A Children's Garden. April, 1897. L.H.Bailey. 

Notes for the Teacher. 
No. 5. Some Tent Makers. June, 1897. Anna Botsford Cotnstock. 

Notes for the Teacher. 
No. 6. What is Nature-Study ? June, 1897. L. H. Bailey. 
No. 7. Hints on Making Collections of Insects. June, 1897. Anna Bots- 
ford Cotnstock. 
No. 8. The Leaves and Acorns of our Common Oaks. October, 1897. 

Alanson Phelps Wyman. 
Notes for the Teacher. 
No. 9. The Life History of the Toad. May, 1897. Simon Henry Gage 

Notes for the Teacher. 
No. 10. The Birds and I. May, 1898. L. H. Bailey. 

Notes for the Teacher. 
No. 11. Life in an Aquarium. May, 1898. Mary Farrand Rogers. 

Notes for the Teacher. 
No. 12. (I) How the Trees Look in Winter. January, 1899. L. H. 

Bailey. 
(II) One Way of Drawing Trees in their Winter Aspects. 
January, 1899. C. W. Furlong. 
No. 13. Evergreens, and How They Shed Their Leaves. February, 1899. 

H. P. Gould. 
No. 14. A Summer Shower. June, 1899. Ralph S. Tarr. 

Junior Naturalist Leaflet No. 3. "Little Hermit Brother." 

(Cicada Septendecim). Anna Botsford Cotnstock. 
Notes for Junior Naturalists, fno. W. Spencer* 
Cornell Junior Naturalist Clubs. 
Miscellaneous Notes. 

(a) Home Nature-Study Course. 

(b) Synopsis of Extension Work. 

(The above is contained in Nature-Study Bulletin No. 1, containing 
preface by L. H. Bailey). 
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No. i$. A Handful of Soil. 

I. What It Is. R. S. Tarr. 

II. What It Does. L. A. Clinton. 

Junior Naturalist Leaflet No. 4. Stealing a Ride. October, 1899. 

I. Sir Bur, Tramp and Traveler. Margaret Fursrnan 
Boynton. 

II. The Red Cow and the Maple Tree. John W. Spencer. 
Notes for Junior Naturalists. A Bulb Garden. 

I. A Talk by Uncle John. John JV. Spencer. 

II. A Talk by the Gardener. C. E. Hunn. 
CluH Notes. 

Home Nature-Study Course. Mary Rogers Miller. 

(Nature-Study Quarterly No. 2). 
No. 16. Cuttings and Cuttings. January, 1900. L. H. Bailey. 

Notes. 

Uncle John's Talk with the Children. 

(Nature-Study Quarterly, No. 3.) 
No. 17. The Burst of Spring. March, 1900. 

I. The Opening of the Buds. L. H. Bailey. 

II. The Early Birds. Louis Agassiz Fuertes. 

III. The Opening of a Cocoon. Mary Rogers Miller. 

Notes. 

(Nature-Study Quarterly, No. 4.) 
No. 18. A Brook. June, 1900. L. H* Bailey. 

I. A Brook and Its Work. /. 0. Martin. 

II. Insect Life of a Brook. Mary Rogers Miller. 

Notes from the Clubs. 

(Nature-Study Quarterly, No. 5.) 
No. 19. How Plants Live Together. October, 1900. L. H. Bailey. 

Notes. 

(Nature-Study Quarterly, No. 6.) 
No. 20. A Hill of Potatoes. January, 1901. /. P. Roberts. 

Notes for the Teacher. 

(Nature-Study Quarterly, No. 7.) 
No. 21. A Study of Fishes. March, 1901. H. D. Reed. 

The Story of a Terraiium from Fall until Spring. Alice I. Kent. 

Planting a Plant. L. H. Bailey. 

(Nature-Study Quarterly, No. 8.) 
No. 22. A Chat with the Reader. L. H. Bailey. 

Spiders. May, 1901. John Henry Comstock. 

List of the Teacher's Leaflets and Related Literature. 

'Nature-Study Quarterly, No. 9.) 
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Lessons in the Farmer's Reading-Course* 

Series A , The Sail and the Plant, 

No. i, 2d ed. The Soil : What it is. November, 1900. L, H, Bailey. 

2, " Tillage and Underdrainage : Reasons why. December, 1900. 

/. W, Spencer and John Craig, 

3, " Fertility of Soil : What it is. January, 1901. G, W. Cav- 

anaugh, 

4, " How the Plant gets Its Food from the Soil. February, 1901. 

B. M. Duggar, 

5, " How the Plant gets Its Food from the Air. March, 1901. 

B, M, Duggar, 

6, " Problem of Impoverished Lands; With Answers to Questions 

on previous five lessons. December, 1900. L. H. Bailey \ 
H, P, Gould, 

Series B, Animal Industry, 

No. 7, 2d ed. Balanced Rations for Stock. December, 1900. A.L.Knisely. 

8, ,c A Farmer's View of Balanced Rations. January, 1900. S, 

W, Fletcher, 

9, " Sample Rations for Milch Cows. February, 1901. LeRoy 

Anderson, 
10, 1st ed. Soiling Crops and Silage. March, 1901. John Craig, 

10, Supplement. Review with answers to previous five lessons. John 

Craig, 1 901. (In preparation.) 

Series C, Orcharding, 

11, 1st ed. A Tree. November, 1900. John Craig, 

12, " Orcharding: A Survey of the Preliminaries. December, 

1900. John Craig, 

13, " Management of the Orchard. January, 1901. John Craig, 

14, " Orcharding : Care of the Tree. February, 1901. John Craig. 

15, " Orcharding: Care of the Fruit. March, 1 901. John Craig. 

16, " Orcharding : Review with answers to questions on previous 

five lessons. 1901. John Craig, (In preparation.) 



Farmer's "Wives 9 Reading-Course* 

1. Saving Steps. February, 1 901. Mirtha Van Renssalaer, 

2, Home Sanitation. April, 1901. Martha Van Renssalaer. 



T K*CHIH'« LEAFLET NO. 22. 

SPIDERS. 

BY JOHN HENRY COMSTOCK. 

F all of oar little neighbors of the fields there are 
Done that are more universally shunned and 
feared than spiders, and few that deserve it less. 
There is a wide-spread belief that spiders are 
dangerous, that they are liable to bite, and that 
their bites are very venomous. Now this may 
be true of certain large species that live in hot 
countries ; but the spiders of the Northern United 
States are practically harmless. 

It is true, spiders bite and inject venom sufficient to kill a fly 
into the wound made by their jaws. But they are exceedingly 
shy creatures, fearing man more than they are to be feared. If 
an observer will refrain from picking up a spider there is not the, 
slightest danger of being bitten by one ; and excepting a single 
uncommon species no spider is known in this part of the country 
whose bite would seriously affect a human being. 

On the other hand, spiders do much to keep in check various 
insect pests, and hence must be regarded as our friends. It is, 
however, from a different point of view that we wish lo look upon 
them at this time. It is as illustrations of remarkable develop-' 
ment of instinctive powers, and of wonderful correlation of 
structure and habit, that we would have the reader study these 
creatures. The teacher of nature-study can find no more avail- 
able or more fertile field from which to take subjects for inter- 
esting children in the world about us. Let us then put aside 
our fears and go into the fields and see if we learn something of 
the ways of these spinners. 

The funnel-web weavers. 

Often on summer mornings the grass of the roadsides and fields 

is seen to be carpeted with little sheets of glistening silk, the 

webs of the grass-spider. None were observed the day before ; 

and we wonder at the sudden appearance of this host of weavers. 
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Later in the day the webs have vanished ! Have the Weavers 
rolled them up and carried them off ? We remember that there 
was an especially fine one near the end of the veranda steps ; we 
examine the place carefully and find that it is still there, but not 
so conspicuous as it was. The warm sun has dissipated the dew 
which rendered visible to our dull eyes the tapestry of the fields. 
Now that our eyes are opened we can find the webs every- 
where and are impressed with a suspicion that perhaps ordinarily 
we see very little of what is around us. 

We examine one of the webs carefully and find that it is a 
closely woven sheet made of threads running in all directions ; 
that it is attached to spears of grass, and supported by numerous 
guy lines, and that from one side a funnel-like tube extends 
downwards. If, while we are watching, an insect alights on the 
sheet there darts from the tunnel, where she was concealed, the 
owner of the web, a dark-colored spider ; and the insect must be 
agile if it escapes. 

If you attempt to catch the spider it retreats to its tunnel ; and 
♦when you examine the tunnel the spider is not there. You find 
that the tube is open below, that there is a back door by which 
the spider can escape when hard pressed. 

We call those spiders that make webs of this kind The Funnel- 
web Weavers. They are long-legged, brown spiders, which run 
on the upper surface of their webs ; these are usually made on 
grass, but sometimes they are found in the angles of buildings, 
and in quite high places. 

The cobweb weavers. 

The webs that we most often find in the corners of rooms are 
of a different kind and are made by the members of a family 
known as The Cobweb Weavers. In these webs there is not such 
a definite sheet of silk as in those of the funnel-web weavers, but 
instead a shapeless maze of threads extending in all directions. 
Many of the cobweb weavers, however, make their webs in the 
fields on bushes, and weave in them a flat or curved sheet, under 
which the spider hangs back downward. The funnel -web weav- 
ers run right side up, the cobweb weavers hang inverted. Some 
of the cobweb weavers do not remain in their webs, but have a 
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nest in a neighboring crack or corner, from which they rash to 
seize their prey, and sometimes there is a funnel-shaped tube 
leading to their nest. But these spiders differ from the true 
funoel-web weavers in running back downwards on the lower 
side of their webs. 

The orb weavers. 
The spider webs that most often excite admiration are those 
in which the supporting threads radiate from a center like the 
spokes of a wheel, and bear 
a spiral thread. Such webs 
are known as orb-webs ; and 
the family of spiders that 
make them, The Orb Weavers. 
Pew if any of the structures 
built by lower animals are 
more wonderful than these 
webs ; but they are so com- 
mon that they are often con- 
sidered hardly worthy of 
notice. If they occurred only 
in some remote corner of the 
earth, every one would read of 
them with interest. 
The webs or nets of the dif- 
US—Jfearfy completed orb-web. ferellt 8pedes of orb weavers 

differ in the details of their structure; but the general plan is quite 
similar. There is first a framework of supporting lines. The 
outer part of this framework is irregular, depending upon the 
position of the objects to which the net is attached ; but the 
central part is very regular, and consists of a number of lines radi- 
ating from the center of the net (Fig.115). All of these support- 
ing lines are dry and inelastic. Touch them with your pencil 
and you find that they neither stretch nor adhere to it. Upon 
these radiating lines there is fastened in a very regular manner 
a thread which is sticky and elastic. This will adhere to your 
pencil, and will stretch several times its normal length before 
breaking. Usually this sticky thread is fastened to the radiating 
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lines go as to form & spiral ; but a few species make nets in which 
it is looped back and forth. And even in the nets where the 
greater part of the thread is in a spiral there are in most cases a 
few loops near the lower margin (Fig. 1 15). Examine the next 
orb-web you find and see if it is true in that case. 

Many of the orb weavers strengthen their nets by spinning a 
zigzagribbonacross the center. This ribbon ismadeby spreading 
apart the spinnerets, the organs from which the silk is spun, and 
which will be described later. Ordinarily the tips of the spin- 
nerets are held close together so that they form a single thread, 
but by spreading them apart many threads can be spun at once, 
thus forming a ribbon. 

Some orb weavers are not content with making a simple zig- 
zag band across the center of the net, but weave an elaborate bit 
of lace in this position. Figure 116 is from a 
photograph of the center of the net of one o r 
these spiders, which was found near Ithaca. 

In studying the various kind of orb-webs 
one should pay particular attention to the 
center of the web ; for this part differs greatly 
in the webs of the different species. There is 
usually a hub composed entirely of dry and 
elastic silk woven in an irregular manner ; out- 
side of this there are several turns of a Spiral 
thread, which is also dry; this constitutes the notched zone, a name 
suggested by the fact that the spiral line is attached for a short 
space to each radius it crosses, thus giving the line anotched course. 
In many cases it is here, on the hub and the notched zone, that 
the spider waits for its prey ; and it is obvious that sticky silk is 
this place would be objectionable. Between the notched zone 
and the spiral zone, the part furnished with the sticky spiral 
thread ; there is a clear space, the free zone, crossed only by the 
radii. This gives the spider an opportunity to pass from one side 
of the web to the other without going around the entire web. 

Some orb Weavers do not wait upon the hub but have a retreat 
near one edge of the net, in which they hang back downwards. 
While resting in these retreats they keep hold of some of the 
lines leading from the net, so that they can instantly detect any 
jar caused by an entrapped insect. 
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When an insect in its flight touches one of the turns of the 
sticky line, the. line adheres to it, but it stretches so as to allow 
the insect to become entangled in other turns of the line. If it 
were not for this elasticity of the sticky line, most insects could 
readily tear themselves away before the spider had time to reach 
them. 

In running over its net, the spider steps upon the radii, care- 
fully avoiding the sticky line ; otherwise it would destroy its own 
net. The rapidity with^which, a spider can cross its net without 
touching the sticky line is remarkable. 

In making its web ap. orb weaver first spins a number of lines 
extending irregularly in various directions about the place where 
its orb is to be ; this is the outer supporting framework. Often 
the first line spun is a bridge between two quite distant points, 
as the branches of two separate bushes. How did the spider 
cross the gulf ? It has no wings. 

The bridge building can be easily seen on a warm summer 
evening, the time at which the spiders are most active repairing 
theii*old nets and building new ones. The spider lifts the hind 
end of its body, and spins forth a thread ; this is carried off by 
the wind, until finally striking some object it becomes fast to it. 
The spider then pulls in the slack line, like a sailor, and when 
the line is taut fastens it to the object on which it is standing, 
and the bridge is formed. 

After making the outward framework, the radiating lines are 
formed. A line is stretched across the space so as to pass through 
the point which is to be the center of the orb. In doing this the 
spider may start on one side, and be forced to walk in a very 
roundabout way on the outer framework to the opposite side. 
It carefully holds the new line up behind it as it goes along, so 
that it shall not become entangled with the lines on which it 
walks ; one or both hind feet serve as hands in these spinning 
operations ; for as the spider has eight feet, it can spare one or 
two for other purposes than locomotion. When the desired 
point is reached the slack is pulled in and the line fastened. 
The spider then goes to the point where the center of the orb is 
_ to be, and fastening another line, it walks back to the outer frame- 
work, and attaches this line an inch or two frpm the first. In 
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this way all of the radiating lines are drawn. The next step is 
to stay these radii by a spiral line, which is began near the cen- 
ter, and attached to each radius as it crosses it. The turns of 
this spiral are as far apart as the spider can conveniently reach. 
All of the threads spun up to this stage in the construction of 
the web are dry and inelastic. The spider now proceeds to 
stretch upon this framework; a sticky and elastic line, which is 
the most important part of the web, the other lines being merely 
a framework to support it. In spinning the sticky line, the  
spider begins at the outer edge of the orb, and passing around it 
fastens this line to each radius 
as it goes. Thus asecond spiral I 
is made. The turns of this | 
spiral are placed quite close 
together, and the first spiral, 
which is merely a temporary 
support, is destroyed as the j 
second spiral progresses. Fig- 
ure 117 represents a web in 
which the second spiral is 
made over the outer half of 
the radii. In this figure, aa, 
represents the temporary stay- 
line ; bb, the sticky spiral ; 
and cc, the fragments of the 
first spiral hanging from the 
radii. 



117. — Nearly completed orb-web. 



The parts of a spider. 

Spiders differ much in appearance from the true insects. In 
the insects the body is composed of three regions : the head ; the 
thorax, to which the legs are attached ; and the abdomen or hind 
body (Pig. 118). In the spiders the head and thorax are grown 
together, forming a region which is known as the cephalothorax ; 
to this the abdomen is joined by a short, narrow stalk (Fig. 1 19). 
Spiders differ also from insects in the number of their legs, 
spiders having eight legs and insects only six. 

Spiders have two pairs of jaws, which, except in the Tarantula 



family, move sidewise like the jaws of insects. The first pair of 
jaws are called the mandibles. Each mandible consists of two 
segments, a strong basal one and a claw-shaped terminal one, at 




the tip of which the poison gland opens (Fig. 120). The second 
pair of jaws are known as the maxilla. These are situated just 
behind the mandibles, one on each side of the mouth. Bach 
maxilla bears a large feeler or palpus. These palpi vary greatly 
in form ; frequently, especially in females, they resemble legs ; 
hence many spiders appear to have five pairs of legs. In the 
male spiders the last segment of the palpus is more or less 
enlarged ending in a complicated, knob-like structure (Fig. 121). 
It is thus easy to determine the sex 
of a spider by merely examining the 
palpi. 

The greater number of spiders have 
four pairs of eyes (Fig. 1 22) , but there 
may be only one, two, or three pairs ; 
m.— Maxiiia an ^ certain cave spiders are blind. , 
"maifkoZti The eyes appear like little gems set 
tpiitr. j n tne f ron t f t ne cephalothorax. 

They are most prominent in the jumping spiders, 
their prey on plants, logs, fences, and the sides of buildings. 
The most characteristic feature of spiders is their spinning 
organs. The silk is secreted in glands within the abdomen ; and 
while in the body it is a fluid. It passes out through the spin- 
nerets, which are situated near the hind end of the abdomen . 
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There are two or three pairs of spinnerets. These are more or 
less finger-like in form, and sometimes jointed (Fig. 123). Upon 
the end of each spinneret there are many small tubes, the spin- 
ning tubes (Fig. 124) , from which* the silk is spun. Some spiders 
have as many as one hundred and fifty or two hundred of these 
spinning tubes on each spinneret. 

Ordinarily the tips of the spinnerets are brought close together, 
so that all of the minute threads that emerge from the numerous 
spinning tubes unite to form a single thread. Hence this tiny 
thread, which is so delicate that we can see it only when the 
light falls on it in a favorable way, is composed of hundreds of 
threads. It is not like a rope, composed of separate strands ; 
for all the minute threads fuse together into a single thread. 







123.— Spinnerets of a spider. 124.— A group 125.— Viscid silk 126. — Spinnerets and 

of spinning from an orb-wed, cribellum of a cutled- 
tubes. thread weaver. 

The change in the silk from a fluid to a solid cord, strong enough 
to support the weight of the spider, must take place quickly 
after the silk comes in contact with the air on leaving the spin- 
ning tubes ; the minute size of the threads coming from the 
spinning tubes doubtless facilitate this change. 

Sometimes a spider will spread its spinnerets apart, and thus 
spin a broad ribbon-like band. We have seen a spider seize a 
large grasshopper which was entangled in its web, and rolling it 
over two or three times, completely envelop it in a sheet of silk 
spun from its spread-apart spinnerets. We have already de- 
scribed bands spun by orb weavers across the hub of the net in 
this way. 

It is supposed that the two kinds of silk spun by the orb wea- 
vers are spun from different spinnerets, and that the viscid silk 
comes from the front pair. When this silk is first spun, the vis- 
cid matter forms a continuous layer of liquid on the outside of it. 
But very soon this layer breaks up into bead-like masses — in a 
way similar to that in which the moisture on a clothes-line on a 
foggy day collects into drops (Fig. 125). 
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There are two famSjea of spiders that have spinning organ* 
differing from those of all other spiders. They have in front of 
fbe usual spinnerets as additional organ, which is named the cri- 
bellum (Fig. 126, c). This bears spinning 
tubes like the other spinneret, bnt these 
tubes are much finer. These spiders have 
also on the next -to-- the- last segment of the 
*^,ifS^«S^*» hind legs one or two rows of curved spines ; 
tms ta&mEam. tils organ is the mlamistrmm {Fig. 127). 

Bj means of the calamistrnm these spiders comb from the 



128. — Web of a curled-thread weaver. 
cribellura a band of loose threads which form a part of their webs 
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The curled-thread weavers. 

The spiders possessing a cribellum and a calamistrum repre- 
sent two families, one of which makes irregular webs ; theother, 
those which are of definite form. 

An irregular web of a curled-thread weaver is shown in Fig. 
1 28 from a photograph. In this web the framework 
is of ordinary silk ; and upon this framework is 
placed a band of curled or tangled threads (Fig. 129). 
An insect alighting on a net of this kind is likely 
to get its feet caught in the tangled silk, and to be 
held in fast till the spider can pounce upon it. 
Nets of this kind are found on bushes and on the 
sides of buildings. 

There are two quite distinct types of regular webs made by 




129.— Fragment 
of a curled- 
thread weav- 
er's web, en- 
larged. 




130. — Web of the Triangle Spider, 

spiders possessing a cribellum and a calamistrum. One is a round 
web which resembles at first sight those of the orb weavers ; but 
it differs from the ordinary orb- web in that tfce spiral thread is 
made of curled or hackled silk. These webs are nearly horizon- 
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tal, and are usually made between stones or in low bushes ; they 
are not common. 

The other type is represented by the web of the Triangle Spi- 
der. This web is most often found stretched between the twigs 
of a dead branch of pine or hemlock. At first sight it appears 
like a fragment of an orb-web (Fig 130) ; but a little study will 
show that it is complete. The accompanying figure, by Dr. B. G. 
Wilder, who first described the habits of this spider ("Popular 
Science Monthly," 1875) illustrates the form of the web. It con- 
sists of four plain lines corresponding to the radiating lines of an 
orb-web, and a series of cross lines, which are spun by the cri- 
bellum and calamistrum. Each cross line is composed of two 
lines, about -jj.y of an inch apart. These double lines take the 
place of the curled threads woven by other members of the family 
to which the triangle spider belongs. From the point where the 
radiating lines meet a strong line extends to one of the support- 
ing twigs. Near this twig the spider rests, pulling the web tight 
so that there is some loose line between its legs, as shown in the 
enlarged figure. When an insect becomes entangled in one of 
the cross lines, the spider suddenly lets go the loose line so that 
the whole web springs forward, and the insect is entangled in 
other cross lines. The spider then draws the web tight and 
snaps it again. This may be repeated several times before the 
spider goes out upon the web after its prey. 

The triangle spider is a tiny fellow, and so closely resembles 
the color of the dead branch near which it rests that it is very 
difficult to find ; its web is more easily seen, though it usually 
requires careful searching to discover it. 

The motherhood of spiders. 

As a rule young spiders are forced to shift 

for themselves, and a very hard time they 

have ; but of this we have not space to 

write. With spiders, the mother's care is 

131.— giaco atpi . d evote( i chiefly to furnishing protection to 
her helpless eggs. These are placed in silken sacs, which 
are often very elaborate in construction and protected with great 
care. 

The most common egg-sacs are those found in the fields 
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attached to stones and pieces of wood (Fig. 131). They are 
disk-shaped objects, silvery in color, and about the size of an 
old-fashioned three cent piece. 

The egg-sacs of the cobweb weavers can be found suspended 
in their webs ; and those of the orb weavers, in various situa- 



132.— Egg-sac of an orb weaver. 

tions. Figure 132 represents the large egg-sac of one of the orb 
weavers. This is made in the autumn, and contains at that 
season a large number of eggs — five hundred or more. These 
eggs hatch early in the winter ; but no spiders emerge from the 
egg-sac until the following spring. If egg-sacs of this kind be 
opened at different times during the winter, the spiders will be 
found to increase in size but diminish in numbers as the season 
advances. In fact a strange tragedy goes on within these egg- 
sacs : the stronger spiders calmly devour their weaker brothers, 
and in the spring those that survive emerge sufficiently nourished 
to fight their battles in the outside world. 
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The females of the Running Spiders not only make a carefully 
constructed egg-sac, but also 
care for the young spiders for a 
time. The running spiders are 
the large, dark -colored, hairy 
spiders, often found under stones 
and rubbish ; they are so-called 
ito—Lyvmandtggw. because they capture their prey 

by running. The females of 
most of the species (those of the genus Lycosa) drag after them 
their egg-sac, which is attached to the spinnerets (Fig. 133) ; 
and when the young hatch, they climb on their mother's back, 
and are carried about for a time. 

One of the running spiders {Dolomedes) carries her egg-sac 
with her mandibles until the yoirug are ready to emerge. At 
this time the mother fastens the egg-sac in a bush, and spins 
irregular threads about it, among which the young spiders 
remain for a time (Pig. 134). In the specimen figured the egg - 
sac was concealed in the upper part of the web. 

The ballooning spiders. 

In warm autumn days, innumerable threadscan be seen stream- 
ing from fences, bushes, and the tips of stalks of grass, or float- 
ing through the air. These are made by the Ballooning Spiders, 
which are able to travel long distances, hundreds of miles, 
through the air by means of these silken threads. 

The ballooning spider climbs to some elevated point, and then, 
standing on the tips of its feet, lifts its body as high as it can, 
and spins out a thread of silk. This thread is carried up and 
away by a current of air. When the thread is long enough the 
force of the air current on it is sufficient to bear the spider up. 
It then lets go its hoM with its feet and sails away. That these 
spiders travel long distances in this manner has been shown by 
the fact that they have been seen floating through the air at sea 
far from land. 



134. — Nursery of Dolomedes. 
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